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...acomplete military transmitting and receiving station 


The ‘battle ‘maneuvers” illustrated 
above disclose a new dimension 
in military Communication, made 
possible by modern transistor 
developments. 


In his hand the officer holds an RCA 
Transceiver, a complete radio trans- 
mitting and receiving unit—the small- 
est 2-way FM radio ever built. The 
entire walkie-talkie is only 6” x 3” x 
114” in size, with weight, including 
battery and all accessories, of about 
20 ounces. 


The men in the field listen to “battle 
instructions” over tiny receiver units 
built inside their helmets. 


With a range of about a quarter mile, 
the RCA Transceiver can be pre-set 


IN THE PALM 


OF HIS HAND 


weighing about one pound! 


for any frequency between 45 and 
52 mcs. Only two controls are used 
and no tuning or adjustment is neces- 
sary during normal use. The receiver 
is an all-transistorized superhetero- 
dyne and the transmitter comprises 
two transistors and one tube, both 
contained in a single unit. 


The feather-lightness and miniature 
size of the transceiver and receiver 
make it possible, for the first time, to 
extend communication to the indi- 
vidual level. It is another instance of 
RCA’s constant search for new and 
better ways of doing things elec- 
tronically. Demonstration and con- 
sultation with RCA field engineers 
throughout the world are invited. 
Call or write. 


DEFENSE ELECTRONIC PRODUCTS 


RADIO CORPORATION of AMERICA 
CAMDEN, N. J. 


RCA Ultra-Miniature 
FM Transceiver 
compared with 
AN/PRC-10 
(Walkie-Talkie) 


TYPICAL MILITARY APPLICATIONS 
© Tactical communications between squad and 
platoon leaders and higher, also with individ- 
val soldier or marine 
Military police and sentry duty 
Air and sea rescue (unit in survival kits) 
© Guided missile installations (before and after 
take-off) 
e Communications between maintenance crews, 
fire crews and between crew and control tower 
Medical work (litter bearers to field hospitals) 
. . . and hundreds of others. 
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Lakes’ largest ore carrier, GEORGE M. HUMPHREY, is equipped with G-E propulsion and ship's service equipment. 


“One source” buying from G.E. 
saves you detail, time, money 


General Electric Marine Project Co-ordination eliminates costly, time-consuming, 
many-source purchasing; offers you complete planning, engineering, supplying 


and servicing of all propulsion and electrical auxiliary equipment for any 
marine installation. General Electric Company, Schenectady 5, N. Y. 200-106 


Progress Our Most Important Prodvet 
GENERAL@@ ELECTRIC 


ll A.S.N.E. Journal, May 1956 
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HELPS SAVE LIVES 


y The problem was major: it concerned human life. 

A pocket-sized waterproof “radio station” would 

lielp rescue downed aviators. The set was designed 

to send out a beacon signal and provide voice 

j contact with search planes—but it lacked the 
Mm necessary power output. Needed tubes did not exist. 


Using its own resources, Raytheon developed a new 
subminiature tube—the 6147 and its improved 
version the 6397. Result: greater power, reliable 
operation, ranges over 50 miles, longer battery life. 


c : Here is particularly dramatic proof of the 
AYT ut EO sills which have made Raytheon the world’s leading 
manufacturer of special purpose electron tubes. 


RAYTHEON MANUFACTURING COMPANY 
WALTHAM 64, MASSACHUSETTS 


Powered by Boilers 


Out through the Golden Gate goes another b 4, 
notable ship...U.S.S. Tulare, world’s | 
most modern attack-cargo vessel. G 


The Tulare is powered by two C-E Bent 
Tube Boilers. 


COMBUSTION ENGINEERING 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. 
Canada: Combustion Engineering-S heater Ltd. ~ 8-916 


r 


Steam Generating Units * Nuclear Reactors * Paper Mill Equipment * Pulverizers * Flash Drying Systems * Pressure Vessels * Home Heating and Cooling Units * Domestic Water Heaters * Soil Pipe 


iv A.S.N.E. Journal, May 1956 


: 
| | 
4 
| 


JOHN 
PAUL 
JONES 


At full power on her 
first day at sea 
off the Maine coast 


BATH | 
IRON 
WORKS 

Shipbuilders & Engineers 
BATH, MAINE 


“I wish to have no 
connection with any 
ship that does not sail 
fast; for I intend to 

go in harm’s way.” 

John Paul Jones 
November 16, 1778 
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ANGELS GATE — When her steel shaft failed, Los Angeles 


Harbor Department engineers specified a Monel replacement. 


Replaces steel: 


World’s largest diameter Monel shaft 
prevents failures on harbor tug 


It was a close call — 


The “ANncELs GaTE” (tug No. 10 of the Los An- 
geles Harbor Department) was handling a heavy- 
derrick barge when—suddenly —her steel propeller 
shaft failed. Only luck saved floating equipment and 
the nearby dock from damage. 


Department engineers took-ne chances when they 
replaced this broken steel tailshaft. They ordered a 
9-inch by 11-foot shaft of Monel nickel-copper al- 
loy. In diameter it’s the world’s largest shaft made 


Monel lasts longer — Angels Gate’s large diameter 
Monel shaft surpasses A.B.S. requirements for steel 
shafts in a boat her size. The keyway is filleted for even 
greater strength at Todd Shipyards, San Pedro, Calif. 
Note how the shaft has been machined to save the cost 
of wearing sleeves. 
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of this alloy. But in length of service, it will face 
stiff competition. From many other Monel shafts! 


Many Monel shafts still in service 
after more than 25 years! 


That’s because Seagoin’ Monel shafts are strong 


and tough — can handle more ‘horsepower safely. 
a@They are stiff — prevent whipping. Monel nickel- 


copper alloy is exceptionally hard, too — so it re- 
sists wear and stays smooth longer. 


- On top of all this, rugged Monel shafts are highly 


resistant to corrosion, even in tropical sea water. 


You can’t beat Monel nickel-copper alloy tor 
long-life shafting — for long-term economy. So 
specify a Monel shaft for the boat you buy. Replace 
with it when your present shaft fails or is no longer 
serviceable. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street 


New York 5, N. Y. 


Nickel Alloys 


Monel and Seagoin’ are registered trademarks of The International Nickel 
Company, Inc. 
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BETHLEHEM STEEL COMPANY 


Division 


SHIPBUILDERS SHIP REPAIRERS 
. Naval Architects and Marine Engineers 
SHIPBUILDING YARDS SHIP REPAIR YARDS 
QUINCY YARD BOSTON HARBOR 
Quincy, Mass. Boston Yard 
NEW YORK HARBOR 
STATEN ISLAND YARD Brooklyn 27th Street Yard 
_Staten Island, N. Y. Brooklyn 56th Street Yard 
Hoboken Yard 
BETHLEHEM-SPARROWS POINT Staten Island Yard 


SHIPYARD, INC. 


Sparrows Point, Md. BALTIMORE HARBOR 


Baltimore Yard 


BEAUMONT YARD GULF COAST 
Beaumont, Texas Beaumont Yard 
i (Beaumont, Texas) 
SAN FRANCISCO YARD SAN FRANCISCO HARBOR 
San Francisco, Calif. San Francisco Yard 
SAN PEDRO YARD LOS ANGELES HARBOR 
Terminal Island, Calif. San Pedro Yard 


General Offices: 25 Broadway, New York 4, N. Y. 


On the Pacific Coast shipbuilding and ship repairing are performed by the Shipbuilding Division of 
Bethlehem Pacific Coast Steel Corporation 
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Length Overall 


--. but no problem to 
this graving dock 


The trend toward larger tankers can bring 
on problems when overhauls are needed... 


However, this 800-foot graving dock...a 
typical example of the many Newport News 
facilities for repairing ships... handled even 
this large tanker. 


Here at Newport News, you will find not 
only ample space in a completely equipped 
plant, but also the particular engineering 
talents along with the skill and facilities that 
best suit your needs. 


‘ Together they help cut costly lay-up time, 
whatever the vessel’s size. Newport News 
thus plays an important role in aiding ship 
owners and operators to keep cargo moving. 
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The tanker Petrokure, shown in Newport News’ 800-foot graving 
dock for voyage repairs, is owned and operated by Universe 
Tankships, Inc. She has the greatest beam of any vessel ever 
docked in this facility. The Petrokure...a vessel of 21,262 gross 
tons ... has the following dimensions: 

Length overall ........673’ 


Shipbuilding 
and Dry Dock 
Newport News / company 


Newport News, 
Virginia 
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ADVERTISEMENTS 


“OIL TO ATOMS” 


brings this new look in valves 


This is the type of valve found in the engine rooms of the 
Nautilus and the Seawolf, and in Navy’s plans for added 
atomic-powered construction. The valve design and applica- 
tion are new, but the brand is well known for dependability. 

From the start of nuclear power development, Crane was 
ready for the problems of controlling radioactive fluids. 
Crane had the skill in valve metallurgy and engineering. 
Crane had the background in quality production. 

Today ... tomorrow... as atomic power grows, you can 
count on Crane to meet Navy’s needs. Your inquiry is invited. 


CRAN E VALVES & FITTINGS 


PIPE KITCHENS PLUMBING HEATING 
Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 


AIR-GROUND COMMUNICATION 
POINT-TO-POINT COMMUNICATION 
AIR NAVIGATION 


a AIRCRAFT INSTRUMENTATION 
ae: MISSILE GUIDANCE & CONTROL 
COUNTERMEASURES 
+ DATA TRANSMISSION 
FIRE CONTROL 
RADAR 
us gi 
CREA TARY ELECTRONICS 
Be 
+ COLLINS RADIO COMPANY 
Cedar Rapids Dallas Burbank 
g ee New York ¢ Washington, D.C. 
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GIBBS & COX, INC 


NAVAL ARCHITECTS 
AND 
MARINE ENGINEERS 
~NEW YORK 


NAVAL ARCHITECTS 
MARINE ENGINEERS 


M. ROSENBLATT & SON 


11! BROADWAY, NEW YORK 
BEEKMAN 3-7430 
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ADVERTISEMENTS 


Freedoms family 


a new sister 


Official U. S. Navy Photo 


Her name is Saratoga. There’s nothing new 
about the name and there’s nothing new 
about what that name stands for. Her rea- 
son for being is as old as the history of 
free men. 

She’s the most formidable fighting ship 
ever built and she exists for the same pure 
reasons as the Magna Charta or The Bill 
of Rights. 

The U.S.S. Saratoga, like the U.S.S. 
Forrestal, is here because she bas to be— 
the need for her and others like her has 
never been more obvious. And free men 
everywhere know that the most subtle re- 
minder that freedom is here to stay is, 
very often, the most obvious, 


The Babcock & Wilcox Company. whose boilers supply power to 
the U.S.S. Saratoga, tbe U.S.S. Forrestal, and so many thousands 
of other American ships, is continuing to work in the tradition of 
engineering excellence. which has made the U.S. A. the world’s 
ledder in the design'and construction of metchant and naval vessels. 


BABCOCK | & 
& 


BOILER 
DIVISION 


THE BABCOCK & WILCOX COMPANY, BOILER DIVISION, 161 East 42nd Street, New York 17, N. Y. 


A.S.N.E. Journal, May 1956 


xi 


‘tin, 4 
‘ 
| 
M-360 
A 
ge 


ADVERTISEMENTS 


Ss wAvVv 


W. nowered for overall economy 


U.S. Navy YFP-10, turbo-electric generating plant, capable 
of delivering 34,000 kw at 13,000 v. Built for the Bureau 
of Yards and Docks by the Gibbs Corporation, Jacksonville, 
Fla. Power plant designed by Reynolds, Smith and Hills, 
Engineers, Jacksonville, Fla. 
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world’s largest floating power plant, the YFP-10 
can supply the electric service needs of all but the larg- 
est port cities, industrig] plants and Navy Yards. Perma- 
nently moored, it may be employed as a main source of 
power —or as a supplementary source where existing 
facilities are overtaxed. It can also serve in times of 
natural disaster, enemy bombing or other emergencies. 

Designed to equal or exceed the efficiency of a shore- 
built plant of equal output, the YFP-10 can go from a 
“cold ship” to full power output in four hours. Operation 
at normal load can be continued for 30 days without 
refueling. 

To promote overall economy, three top-fired Type-D 
Foster Wheeler steam generators of advance design have 
been installed. These units are capable of delivering 
123,000 Ibs per hr at 600 psig, 825F, and are complete 
with Foster Wheeler superheaters, economizers and air 
heaters. Foster Wheeler Corporation, 165 Broadway, 
New York 6, N. Y. 


View showing top-fired 
Type-D Foster Wheeler 
steam generators. 
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ADVERTISEMENTS 


Me “TERRY WURBINE 


Terry Marine Turbines are dependable, compact, effi- 
cient machines especially designed for driving gener- 
ators, boiler feed pumps, fuel oil pumps, compressors, 
etc. aboard ship. They offer the advantages of over 
fifty years experience in the Marine Field on both 
Commercial and Naval Vessels. 

Turbines ranging from 5 to 3000 H.P. are built in 
the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. 

Complete details on any turbine application will be 
gladly furnished. 


P. O. BOX 1200 


THE TERRY STEAM TURBINE COMPANY 
HARTFORD 1, CONNECTICUT 
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CONDENSER TUBE CLINIC 


How two-tubes-in-one can help you 
solve complex corrosion problems 


ANACONDA Duplex Heat Exchanger 
Tubes are for two types of service — 
where the corroding characteristics of 
fluids inside and outside the tube are 
best met with different metals or alloys 
—where internal or external pressures, 
or the pressure-temperature combina- 
tions, are too great for a nonferrous 
tube alone. In the latter case, an Ana- 
conda copper alloy with the required 
corrosion resistance is placed outside or 
inside a steel tube —and the pair is 
drawn together. 

Two Separate Corrosion Problems. 
A Duplex Tube of steel with copper or 
a copper alloy inside is used, for ex- 
ample, in exchangers or condensers 
handling water in the tubes and am- 
monia or a fluid with appreciable 
amounts of ammonia in the shell. The 
nonferrous tube is shielded and can 


perform its normal function of giving 
long service life and efficient heat trans- 
fer on the “water side.” 

Technical Assistance. The American 
Brass Company’s metallurgical engi- 
neers and its sales representatives 
throughout the country are available to 
help you in the selection of the 
AnaconpA Condenser Tubes to meet 
your problems. Write: Technical De- 
partment, The American Brass Com- 
pany, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ont. 


ANACONDA 


Tubes and Plates for 
Condensers and Heat Exchangers 
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EXCHANGERS 


for heating and cooling liquids 


Standard Sizes in 1, 2 and 4-Pass Designs 


Proved by Test 

Also Manufactured to Customer Specifications 
GREATER . . « All with exclusive feature of 
CAPACITY Per square Foot sedis | flanging baffles to eliminate vibration wear 


YATES-AMERICAN MACHINE COMPANY, Beloit, Wis.—Makers of Dependable Products since 1883 


WHEREVER THERE'S A COOPER-BESSEMER 


Navy and Coast Guard men who have had 
experience with C-B Diesels, who have de- 
pended upon them in action, know that 
these fine engines stand for dependability 
in its broadest sense. Perhaps they do not 
know that the outstanding performance of 
every modern Cooper-Bessemer is due in 
part to a century-old background of engine- 
building experience. This, combined with 


truly advanced engineering, has enabled 
Cooper-Bessemer Diesels to do a notable 
job in Navy and Coast Guard vessels from 
the biggest combat ships to relatively small 
patrol boats. Yes, you can always count on 
Cooper-Bessemers for Diesel performance 
at its finest. 


The Cooper-Bessemer Corporation 
MOUNT VERNON, OHIO — GROVE CITY, PENNA. 


OE @ S OF FINE ENGINES FOR YEAR 
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ift” or “push” against waves. 


SPERRY ANNOUNCES STABILIZER 
FOR NEW AND EXISTING SHIPS 


Folding Fin Design Conserves Space and Simplifies Installation 


THE STORY BEHIND THE STORY: 


Whether you’re interested in carrying 
Passengers or cargo—or both—the new 
Sperry Gyrofin* Ship Stabilizer offers 
you many advantages and operating 
economies. With the Sperry Gyrofin, you 
can “sell” passenger comfort throughout 
every season of the year. With it, you 
can reduce ship damage in heavy seas 
and eliminate shifting cargoes—especially 
important when perishables are being 
carried. And, most important to operat- 
ing economy, you can improve course 
and speed in heavy weather thus saving 


fuel and time between ports. In bringing 
this development to the maritime trade, 
Sperry engaged the hydrodynamic expe- 
rience and shipbuilding facilities of the 
Newport News Shipbuilding and Dry 
Dock Company. 


REDUCES SHIP ROLL UP TO 90% 

s Effectiveness of the Sperry Gyrofin, 
illustrated above, is due to the control 
system which automatically senses and 
measures the roll rate, the roll angle and 
the roll acceleration. Through these 
signals, the hydrofoil-type fins are con- 
stantly positioned to exert anti-roll forces 
of precision magnitude and timing. Each 


3 RESULT: Stabilized sh 
“while unstabilized ship'is forced to cut speed. 


Ip improves course and speed 


of.two underwater fins can exert up to 
3000 foot-tons of “lift” or anti-rolling 
moment within two seconds. 

REQUIRES LITTLE SPACE 

= Because of its folding design within 
fin boxes, the Sperry Gyrofin is readily 
installed in the hull of the ship with a 
minimum of interference to cargo space. 
The entire installation with hydraulic 
gear takes up only a small portion of a 
single compartment of a ship. When not 
in use the fins feather and fold back 
into the fin boxes. 


a Our Marine Division will be happy to 
discuss Gyrofin installations with you — 
whether for existing ships or those under 
construction. 


DIVISION OF SPERRY RAND CORPORATION 


eT. Me 


GYROSCOPE COMPANY 


Great Neck. New York 
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NOW — Ship and Equipment 
Operating at Sea 


Aa Cues — builder of equipment for 

both Navy and Merchant Marine vessels for 
nearly sixty years — furnished pumps and elec- 
trical equipment for our newest super carrier. 
Here, where dependability and sturdy construc- 
tion count most, Allis-Chalmers is a major equip- 
ment supplier. 

For complete information on Allis-Chalmers 
pumps and other equipment for ships of all types, 
call your nearby Allis-Chalmers district office, or 
write Allis-Chalmers, General Products Division, 
Milwaukee 1, Wisconsin. A-4858 


AC 
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Equipment for the 
U.S.S. FORRESTAL furnished 
by Allis-Chalmers includes: 


Fire Pumps 

Main Feed Booster Pumps 

Main Condensate Pumps 

H.E.A.F. Blending Pumps 

Mechanical Cooling Water Pumps 
Salt Water Pumps 
Main Gasoline Pumps 

Catapult Water Brake Pumps 
Special Marine Transformers 


Builders of propulsion units; pumps, motors, control; condensers and air ejec- 
tors; generators, transformers and lighting sets; controllable pitch propellers. 


Al 


ADVERTISEMENTS 


OLDEST 


IS 


ENGINEERED ENGRAVINGS 


Each Lanman Engraving is 
engineered from a blueprint 
of rigid quality standards and 
precision workmanship . . . for 
quality and service it’s Lanman! 


ENGRAVING COMPANY 


PROVEN IN SERVICE 


For 64 years, Cutler-Hammer, Pioneer 
Electrical Manufacturer, has furnished 
dependable control to all departments 
of the United States government. Built 
to specifications .. . backed by an out- 
standing record of performance. 


CONTROL APPARATUS 
FOR ALL MARINE USES 


Motor Control for Every Service, Ventilating 
Fans, Pumps, Cargo Winches, Capstans, 
Windlasses, Laundry Machines, etc. 


Magnetic Brakes Rheostats 
Motor Operators for Valves Pressure Regulators 
Limit Switches Magnetic Clutches 
Solenoids Pushbuttons 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, 
MILWAUKEE 1, WIS. 


CUTLER’ HAMMER 
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ADVERTISEMENTS 


CUTLESS BEARINGS 


Stern Tubes and Struts 


Soft rubber bearing surface—efficiently lubricated by water— this bearing far outlasts all hard surface types, protects 
propeller shafts, reduces vibration. More than pays for itself in extra wear alone. Saves you time, trouble, and upkeep 


LUCIAN Q. MOFFITT, INC 


Akron, Ohio 


SLs 
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DL 316 


DE LAVAL main propulsion unit ) 
powers the S S Golden Bear 


The SS GOLDEN BEAR is the first of three specially For years, fleet operators 
modified Mariner type vessels for Pacific Far East Line. have looked to De Laval for 
A De Laval main propulsion unit, delivering 19,250 shp, 
propels this vessel. Two other sister ships, the Korean Bear 
and Japan Bear will also be powered by identical ~_ 
De Laval equipment. 


dependable, precision-made marine 
equipment to power passenger and 
cargo ships, tankers, ore carriers 
and many other types of vessels. 


Varine Division 


DE LAVAL STEAM TURBINE COMPANY 
Trenton 2, New Jersey 
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DE LAVAL main propulsion unit 7 
powers the SS Golden Bear 
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The SS GOLDEN BEAR is the first of three specially For years, fleet operators 

modified Mariner type vessels for Pacific Far East Line. have looked to De Laval for 

A De Laval main propulsion unit, delivering 19,250 shp, dependable, precision-made marine 
propels this vessel. Two other sister ships, the Korean Bear equipment to power passenger and 
and Japan Bear will also be powered by cargo ships, tankers, ore carriers 
De Laval equipment. 


and many other types of vessels. 


identical 


Varine Division 


DE LAVAL STEAM 


TURBINE COMPANY 
DL 316 Trenton 2, New Jersey 
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KINGSBURY THRUST BEARINGS 


a through two World Wars for their dependability under difficult loads and 
speeds. 


Each ship of “lowa" Class has 36 Kingsbury Bearings, including the four main thrusts. 
Kingsbury Machine Works, Inc. Philadelphia 24, Pa. 


Materials for 
JM, MARINE SERVICE 


Engine Room Insulations + Packings * Gas 


Johns-Manville 


6 York 16, N 
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Incombustible Joiner Materials Acoustical Materials 
Ebony fer: el Boards Structural Insulations — 


ADVERTISEMENTS 


STEAM CONDENSERS ...PUMPS 
DECK MACHINERY... STEERING GEAR 


and half a century of EXPERIENCE with all types of marine installations 


Electric Warping Capstan 


Warping Winch 


Boat Crane and Whip Hoisting Gear 


Boat and Airplane Crane Steering Gears 


MANUFACTURING Co. gh, Philadelphia 32, Pa. 


Marine Condensers & Ejectors Marine Pumps Deck Machinery Steam Condensers Centrifugal, Axial 
& Mixed Flow Pumps e Steam Jet Ejectors e Vacuum Refrigeration ¢ High Vacuum Process Equipment Ee 
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Covers the 
design of 
ships of 
every class 


THE 
THEORY 
and TECHNIQUE 
of SHIP DESIGN 


By GEORGE C. MANNING 
I.N.A., A.S.N.E. 
Northeast Coast Institution of Engineers 
and Shipbuilders, author of 
Basic Design of Ships. 


The only current book to detail the 
techniques followed by the engineer in 
reaching satisfactory solutions to the 
problems which arise in naval architec- 
ture. While it stresses the importance of 
ship design it never overlooks the impor- 
tance of the phrase, “good engineering 
judgment.” 


This new work of Dr. Manning’s re- 
places his internationally famous Basic 
Design of Ships. It deals more fully than 
its predecessor with commercial vessels, 
and it gives special attention to the tech- 
nical, economic, and military considera- 
tions involved in determining the opti- 
mum form and displacement of vessels 
for any given duty. 


It offers exceptionally valuable help 
not only to designer and engineer, but to 
executives who must make decisions in 
this field, since a great part of the discus- 
sions can be followed with only a cursory 
knowledge of both engineering and ship- 
building. 

1956 278 pages Illus, $10.00 


Co-published with The Technology Press 
of The Massachusetts Institute of 
Technology. 


MAIL THIS COUPON TODAY FOR 10 DAYS 
FREE EXAMINATION 


| JOHN WILEY & SONS, Inc. Ne-56 | 
| 440 Fourth Ave., New York 16, N.Y. 
Please send me THE THEORY AND | 
| TECHNIQUE OF SHIP DESIGN 
H to read and examine ON APPROV- | 
. In 10 days I will return the boo 
| and owe nothing, or will remit $10.00, | 
| plus postage. | 


| ( ) SAVE POSTAGE! Check here if you | 
ENCLOSE payment in which case, we 
pay postage. Same return privilege, | 


AD 


> 
| 


Here Is your authoritative 
SOUICE... 


For information on the advances 
in professional, scientific 
and literary knowledge in 
the Navy and related services 
and professions... 


UNITED STATES 
NAVAL insTITUT 
PROCEEDINGS 


Members of THE AMERICAN SOCIETY OF NAVAL ENGINEERS should read the 


United States Naval Institute Proceedings 


for pleasure and profit. The issues contain anecdotes and reminiscences, 
incidents from history and essays on Navy topics, technical articles and 
treatises on Naval developments and progress, book reviews and discus- 
sions, and international and professional notes. Membership dues (including 
PROCEEDINGS), $3.00 a year. Subscription rate, $5.00 a year. (Foreign 
postage, $1.00 extra.) Single copies 50 cents (except some scarce issues). 


MAIL THIS MEMBERSHIP APPLICATION...TODAY! 


U.S. NAVAL INSTITUTE - Annapolis, Maryland Date. 
| hereby apply for membership in the U. S. Naval Institute and enclose $3.00* in payment 
of dues for the first year, the PROCEEDINGS to begin with the __________._issue, 
lam a citizen of. and understand 
that members are liable for dues until the date of receipt of their written resignations. 
NAME: (Signature) at 
(Print) 
ADDRESS. 


PROFESSION: 


* $4.00 if residing outside of U. S., its possessions or. territories. 
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To keep tight towing schedules 
LACKAWANNA R.R. PICKS 5 GM 


TURBOCHARGED DIESEL-POWERED TUGS 


The first five standardized tugs designed to the specifications of 
the railroad General Managers Association of New York—all powered by 
General Motors Turbocharged Diesels— have been ordered by the Delaware, 
Lackawanna and Western Railroad to tow car floats and barges in 
New York Harbor. Turbocharging gives a GM Diesel 75% more power 
with virtually no increase in engine size and a big reduction in weight per 
horsepower. And horsepower for horsepower, a GM Turbocharged 
Diesel costs less to install, run and maintain. Whatever your power needs 
may be—tugs, tankers, towboats, dredges, cargo ships or any other 
application—you'll have a better investment if you specify a GM 
Turbocharged Diesel. Your local Cleveland Diesel Engine Division 
representative can give you the facts—or write direct for more information. 


A standardized design of the rail- 
road General Managers Association 
of New York. Built by Bethlehem 
Steel Company Shipbuilding Divi- 
sion, Staten Island Yard, New York. 


THE SK 
When 
CLEVELAND DIESEL a 
semble 
34 inc 
An Engine Division of General Motors +» Cleveland 11, Ohio Steel. 
i SALES AND SERVICE OFFICES: 
Boston, Mass., 9 Commercial Ave., Orange, Texas, 212 First Street 
Cambridge, Mass. Tel.: Eliot 4-7891 Tel.: nge 8-4226 
Chicago, I11., 216 West Potomac Ave., Pittsburgh, Pa., 469 Marlin Drive 
Lombard, Ill. Tel.: Randolph 6-9214 Tel.: Locust 1-2173 
Dallas, Texas, 9404 Waterview Road Portland, Ore., 3676 S. E. Martins St. 
Tel.: Fairdale 2403 Tel.: Prospect 1-7509 LEVE 
Honolulu, T. H., 3115 Diamond Head St. Louis, Mo., 2 N. Wharf St. 
Road. Tel.: Honolulu 99-9202 Tel.: Main 1-0642 
Miami, Fla., 2315 N. W. 14th Street San Diego, Calif., 3886 oia Street 
Tel.: 64-2852 Tel.: 8.6883 D i 
New Orleans, La., 727 Baronne St. San Francisco, Calif., 870 Harrison St. 
Tel.: Magnolia 6761 Tel.: Douglas 2-1931 
New York, N. Y., 10 East 40th Street Seattle, Wash., 1230 Westlake Ave. N. 
Tel.: Murray Hill 5-4372 Tel.: Adler 1440 
Norfolk, Va., 554 Front Street ae. Calif., 433 Marine 
Tel.: Madison 2-7147 Avenue. Tel.: Terminal 4-4098 
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THE SKIS ARE MADE OF USS ‘‘T-1"’ STEEL. 

When the going gets rough, the run- 

ners on these cargo sleds are as- 

sembled into skis, 13 feet long and 

wide, made of USS “T-1” 
teel. 


77] 
USS CONSTRUC 


Operation sleds plow across Antarctica 
on tough skis of USS “T-1” Steel 


IGY IS THE REASON. Scientists with the current Navy expedition to Antarctica 
will obtain scientific data on weather, atmospheric conditions, aurora and 
air glow, glaciers, geomagnetism, and allied subjects during the next Inter- 
national Geophysical Year (1957 and 1958). Tractor-drawn trains of cargo 
sleds, built by Otaco, Limited, Orillia, Ontario, Canada, will be used to 


haul supplies. 


DurRING OPERATION DEEPFREEZE, 
the Navy’s current expedition to Ant- 
arctica, thirty-eight rugged cargo sleds 
will be used to haul supplies 400 miles 
from Little America to Marie Byrd 
Land. The 11-ton sleds, each carrying 
a load up to 20 tons, ride on skis made 
from tough 4” plates of USS “T-1” 
Steel. The sleds were designed jointly 
by the United States Navy and Otaco, 
Limited, Orillia, Ontario, Canada. 
Naturally, the skis had to be made 
from a steel that stays tough and durable 
at temperatures far below zero. The 
steel also had to possess high strength 
(to keep down weight), and excellent re- 
sistance to abrasion (to withstand the 
400-mile trip across rugged, ice-covered 
terrain). In addition, the steel had to 
have good forming characteristics and be 
easily weldable (to simplify fabrication). 


One steel met all the requirements: 
that was USS “T-1” Steel. USS “T-1” 
Steel has a minimum yield strength of 
90,000 psi . . . can be welded as easily as 
carbon steel, with the proper electrodes 
. .. has excellent resistance to abrasion 
and impact abuse . . . and remains tough 
at low temperatures. It was ideal for this 
tough job. 


A VERSATILE NEW ALLOY STEEL 


USS “T-1” Steel is adding strength and 
durability, cutting weight and costs, in 
steel mill equipment, power shovels, mine 
cars, bridges, coal handling equipment, 
pressure vessels, and many other appli- 
cations, at high and at low temperatures. 
It probably can help you improve your 
own product. Write for complete infor- 
mation. United States Steel, Room 5360, 
Pittsburgh 30, Pa. 


UNITED STATES STEEL CORPORATION, PITTSBURGH + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


TIONAL ALLOY STEEL 
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Diesel Engines — for shipboard service up to Rotary vane- and gear-type pumps — for 
5,000 hp. handling oil, gasoline and other liquids. 


Choose from the world’s broadest 
line of shipboard equipment 


There are many advantages to selecting shipboard auxiliaries from Worthington’s 
complete line. You can be sure of getting exactly the right equipment to meet 
your specific requirements. For example, in pumps and compressors alone you 
have more types than any other manufacturer can supply to choose from. You get 
the same degree of flexibility in all the many other Worthington products for 
marine application—some of which are illustrated here. 

Worthington welcomes the opportunity to help you with special pumping or power 
problems. And it offers you the advantage of complete product availability and 
interchangeability anywhere the world over through the services of foreign 
Worthington companies. Write, outlining your requirements, to Section M62, 
Worthington Corporation, Marine Division, Harrison, N. J. 


Refrigerating and air conditioning 
equipment 


soe 
Vertical turbine pumps -— for bilge service 
main cargo and stripping. 


Centrifugal pumps-— all types and capacities. 


Steam turbines—single-stage, multi-stage, and Steam condenser and steam-jet ejectors Reciprocating pumps — steam-driven, motor- 


combined turbine and gear units. —for all vacuum services. 
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SECRETARY’S NOTES 


Secretary’s Apologia 

Each year as the May issue of the JouRNAL goes to 
press, the Secretary-Editor experiences the feeling 
of relaxation brought about by having completed 
another cycle. This cycle, of course ends with the 
post-mortems on the annual banquet and has to do 
with the May Journat only because of a general co- 
incidence of dates. The month of April is certainly 
the most crowded with activity (some sweat and 
tears) around the Society’s headquarters. 

This last year has been outstandingly epochal in 
the Society’s 68 years. Some of the major events of 
the year are discussed more fully below. They are: 

An entirely new locale for the Annual Banquet. 

An entirely new format for the JouRNAL. 

Move to the first real office which the Society has 


ever had. 


First Council meeting in the Society’s own quar- 
ters. 

Formal institution of Junior Memberships. 

New advertising rate card. 

Participation to a modest degree in the Navy’s re- 
cruiting and reenlistment drive. 

Participation, also to a very modest degree, in the 
Nation’s drive to improve technical education. 

Around the Society’s office we feel that a new 
maturity has arrived. Holding our own in the 1956 
world has forced discard of any feeling of amateur- 
ism in the society management and publishing busi- 
nesses. The staff takes a reasonable amount of pride 
in the fact that this growing up has been accom- 
plished with no increase in size of staff except for the 
addition, about a year ago, of a part time secretary, 
who fortunately, is a very good one. 
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SECRETARY’S NOTES 


Members of the Society have every right to feel 
happy and satisfied in the forward look which its 
elected Presidents and Councils have taken. Perhaps 
it should be noted that, in the Secretary’s Notes for 
the issue of November 1948 we mentioned a letter 
written by Rear Admiral Roger Paine, U.S. Navy 
who was relinkuishing the office of President through 
the necessity of being transferred out of Washington. 
We believe that the events in the Society’s life, which 
we class as advances, should properly be considered 
as having stemmed from Admiral, Paine’s letter. 

After acknowledging the debt which the Society 
owes to Admiral Paine, the Society’s heaviest credi- 
tor is the Administrative Assistant, Mr. Arthur G. 
Fessenden who is in his forty-eighth year of constant, 
untiring and loyal service to the Society. As men- 
tioned elsewhere, the members recognized this obli- 
gation by conferring lifetime Honorary Membership 
on Mr. Fessenden and certainly it would be hard to 
find any individual any where who has more credit- 
ably earned this distinction. 


The Annual Banquet—1956 


All of those who regularly attend the Annual 
Banquet know of its increasing popularity and, 
hence, size. Fortuitously at about the point where no 
more could be accommodated in the location where 
the banquet has been held since World War II, even 
by setting places in smaller and more remote rooms, 
the Sheraton-Park Hotel opened its new ballroom. 
Prior to our banquet on 27 April 1956, this room had 
been opened for about one year. 

Ours, the 38th banquet in the Society’s history, 
was the largest group yet accommodated in the Sher- 
raton-Park for a dinner of this kind and will rarely 
be exceeded. The maximum capacity which can nos- 
sibly ke squeezed in appears to be an even 2000. Our 
seating list carried 1986 names. 

1956 definitely marks the year of our largest ban- 
quet and the largest similar affair probably ever held 
in Washington, D.C. The necessity of rejecting ap- 
plications in the future looms large because there is 
no room for growth unless a new and larger facility 
is built and put into operation. 

The 1956 banquet has more than size to commend 
it. The dinner was excellent and the program better 
received than many previous ones have been. The 
menu and the program are printed on page 211. 

As a revived feature, abandoned for many years, 
photographs were taken. These are reproduced in 
this issue of the JOURNAL. 

The President of the Society, Rear Adntiral Ken- 
neth K. Cowart, U.S. Coast Guard, presided and with 
the performance of Rear Admiral A. G. Mumma, 
U.S. Navy who acted as toastmaster, conducted a 
most enjoyable program. We have been unable to 
find in our records any previous occasion when the 
Engineers-in-Chief of the country’s two military 
maritime operating activities, jointly conducted an 
American Society of NAVAL ENGINEERS ban- 
quet. Admiral Cowart’s remarks are published on 


page 217. 
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The senior official from the Washington hierarchy 
who occupied the dais was the Honorable Wilfred J. 
McNeil, Assistant Secretary of Defense and Comp- 
troller of the Department of Defense. Long a friend 
of the Society, Mr. McNeil expressed a few words of 
appreciation. Mr. McNeil is unique in being the only 
member of the Defense Secretariat who has ably 
served the last two administrations. He may also be 
recognized as one who tempered the storms which 
have threatened to arise over partition of the De- 
fense budget between the three services. The outline 
picture of the USS Forrestal which we used on the 
banquet program replaced one which was used for 
several years. That one was of the USS United States 
which did not progress much beyond a keel. Mr. Mc- 
Neil was a party to the pre-birth of both of these 
ships. 

The princival address entitled “The Mutual Influ- 
ence of Sea Power and Future History,” by Admiral 
Robert B. Carney, U.S. Navy, Retired, recently Chief 
of Naval Operations which office was preceded by a 
long and brilliant and vublicly recognized naval 
career, is printed in ful, following Admiral Cowart’s 
and Mr. McNéil’s remarks. This talk was profound. 

Upon going to press, we feel that the 1956 banquet 
was highly successful. Final post-mortems have not 
been conducted so we are not in a position to report 
that it was perfect. Experience has shown that any 
flaws which are brought to the attention of the 
Committee will not recur next year. Naturally, that 
remark cannot pertain to the unfortunate circum- 
stances that 1500 people who attended would have 
preferred better seats. That is a natural characteris- 
tic of any gathering of 2000 and our Committee can- 
not battle nature. 

Because of the change in location of the banquet, 
the Council a year ago requested the 1955 committee 
to serve for an additional year so that their experi- 
ence might be fully utilized. Those still in Washing- 
ton readily agreed and accevted the arduous task of 
perfecting arrangements. This committee was com- 


posed of: 


Mr. J. B. Armstrong 

Captain R. M. Barnes, USN 
Commander C. H. Campbell, USNR 
Mr. Francis H. Engel 

Mr. Arthur G. Fessenden 

Mr. M. D. Gibson, Jr. 

Captain J. E. Hamilton, USN, Ret., Chairman 
Mr. Edward G. Haven 

Captain R. B. Madden, USN 
Captain W. R. Millis, USN, Ret. 
Commander Ivan Monk, USN 
Commander J. W. Naab, USCG 

Mr. William N. Ruby 

Mr. Mark Swanson. 


In the Chairman’s opinion particular credit is due to 
Mr. M. P. Gibson, Jr., Chairman of the Arrange- 
ments Sub-committee and, again for the 38th time, to 
Mr. Fessenden who handled all of the paperwork, 
finances and records as usual. 
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SECRETARY’S NOTES 


ANNUAL BANQUET 
The Sheraton-Park Hotel, Washington, D.C., 27 April, 1956 


PROGRAM 
PRESIDING 


REAR ADMIRAL KENNETH K. COWART, U.S. COAST GUARD 


KARL D. WILLIAMS 
BY REAR ADMIRAL ROGER 


ARTHUR G. FESSENDEN (HONORARY 


BY REAR ADMIRAL HENRY WILLIAMS, U.S. NAVY, RET. ESE arnt 


HONORABLE WILFRED J. McNEIL 
ASSISTANT SECRETARY OF DEFENSE 


SPEAKER 
ADMIRAL ROBERT B. CARNEY, U.S. NAVY, RET: - 
“MUTUAL EFFECT OF SEA POWER AND HISTORY” 


NATIONAL ANTHEM 


Suite 1004, The Continental Building 


We have included several pictures of the Society’s 
new quarters in Suite 1004, the Continental Build- 
ing, 1012 14th St., N.W., Washington, D.C. For the 
first time, the Society has an office where members 
and guests can be welcomed without excuse for the 
surroundings. The pictures were taken during the 
Council-meeting on 6 March 1956. 


An Historic Occasion 

As the Council met on 6 March 1956 it suddenly 
occurred to us that this was the first meeting, in the 
Society’s lifetime of more than 67 years, which was 
held in offices which the Society could call its own. 
This thought led to a discussion which brought out 
the following bit of history. 


Progress of Growth and Maturity— 
One Type of Measure 


All of this cannot be documented but it is believed 
to be reasonably accurate. 


MENU 


SHRIMP COCKTAIL 
CONSOMME DOUBLE AU SHERRY 
+ CHEESE STICKS 
ROSE RADISHES 
_ QUEEN OLIVES 
BROILED FILET MIGNON 


* MUSHROOM SAUCE 


CHATEAU OLIVIER GRAVES 1949 wee 


CHATEAUNEUF DU PAPE 
SAINT PATRICE 1949 


GRAND MARNIER 


CIGARS 


When the American Society of Naval Engineers 
was organized in 1888, its business, as today was con- 
ducted by the Secretary-Treasurer under the direc- 
tion of the Council. The first person elected to the 
office of Secretary-Treasurer, who was also editor of 
the JouRNAL, was Past Assistant Engineer R. S. Grif- 
fin, U.S. Navy. He served in 1889, 1894 and 1895. He 


_ also served ‘as President in 1908, 1912, 1913. He is 


probably best knowrgas Rear Admiral Griffin, Chief 
of the Bureau of Steam Engineering during World 
War I. 

Griffin and his successors for many years were offi- 
cers on duty in Washington in the Bureau of Steam 
Engineering or its successor, the Bureau of Engin- 
eering. 

For the first 15 years, how the Society funds were 
protected is not a matter of record. Its first bank ac- 
count was established in 1903 by the then Secretary, 
Lieutenant Commander John R. Edwards, USS. 
Navy. Presumably, until that time the money was 
carried in a personal account. 
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ANNUAL BANQUET 
The Sheraton-Park Hotel, Washington, D.C., 27 April, 1956 


PROGRAM 


PRESIDING 


REAR ADMIRAL KENNETH K. COWART, U.S. COAST GUARD 


TOASTMASTER 


REAR ADNHRAL G. MUMMA, US. NAVY 


cones, 


KARL D. WILLIAMS 
BY REAR ADMIRAL ROGER W.-PA U.S 


ARTHUR G. FESSENDEN (HONORARY MEMBERSHIP} 


BY REAR ADMIRAL HENRY WILLIAMS, US. NAVY, RET. ” 


REMARKS 


HONORABLE WILFRED J. MCNEIL 
ASSISTANT SECRETARY OF DEFENSE 


SPEAKER 
ADMIRAL ROBERT B. CARNEY, U.S. NAVY, RET. 
“MUTUAL EFFECT OF SEA POWER AND HISTORY” 


"THE NATIONAL ANTHEM 


Suite 1004, The Continental Building 


We have included several pictures of the Society’s 
new quarters in Suite 1004, the Continental Build- 
ing, 1012 14th St., N.W., Washington, D.C. For the 
first time, the Society has an office where members 
and guests can be welcomed without excuse for the 
surroundings. The pictures were taken during the 
Council- meeting on 6 March 1956. 


An Historic Occasion 
As the Council met on 6 March 1956 it suddenly 


occurred to us that this was the first meeting, in the 
Society’s lifetime of more than 67 years, which was 
held in offices which the Society could call its own. 
This thought led to a discussion which brought out 
the following bit of history. 


Progress of Growth and Maturity— 
One Type of Measure 


All of this cannot be documented but it is believed 
to be reasonably accurate. 


MENU 


SHRIMP COCKTAIL 
CONSOMME DOUBLE AU SHERRY 
CHERSE STICKS 


HEARTS OF CELERY ROSE RADISHES 


QUEEN OLIVES 
BROILED FILET MIGNON 
MUSHROOM SAUCE 


HENNE STRING BEANS AMANDINE 
POTATOES PARISIENNE 


NEw PE AS FRANCAISE wee 


SERING SAL aD 


CHATEAU OLIVIER GRAVES 1949 


CHATEAUNEUF DU PAPE 
SAINT PATRICE 1949 


GRAND MARNIFR 


CIGARETTES 
CIGARS 


When the American Society of Naval Engineers 
was organized in 1888, its business, as today was con- 
ducted by the Secretary-Treasurer under the direc- 
tion of the Council. The first person elected to the 
office of Secretary-Treasurer, who was also editor of 
the JourNAL, was Past Assistant Engineer R. S. Grif- 
fin, U.S. Navy. He served in 1889, 1894 and 1895. He 


_ also served as President in 1908, 1912, 1913. He is 


probably best knownas Rear Admiral Griffin, Chief 
of the Bureau of Steam Engineering during World 
War I. 

Griffin and his successors for many years were offi- 
cers on duty in Washington in the Bureau of Steam 
Engineering or its successor, the Bureau of Engin- 
eering. 

For the first 15 years, how the Society funds were 
protected is not a matter of record. Its first bank ac- 
count was established in 1903 by the then Secretary, 
Lieutenant Commander John R. Edwards, U.S. 
Navy. Presumably, until that time the money was 
carried in a personal account. 
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SECRETARY’S NOTES 


4 


The HUB of the American Society of Naval Engineers, Inc., Mr. Arthur G. Fessenden, the Administrative Assistant, at his desk. 


The Society had no office. Its mailing address was 
the Bureau of (Steam) Engineering. Probably the 
secretarial work was handled as a side line by clerks 
of stepongraphers who handled the Secretary-Treas- 
urer’s official duties unless he did these things 
personally. The Society records were kept in the 
Secretary-Treasurer’s desk or at his home. As files 
of the JouRNAL accumulated these were cared for in 
space provided in the Bureau. This condition con- 
tinued until the pre-World War II expansion of the 
Navy Department placed such a premium on every 
square foot of space that the Society had to find other 
storage space. We will return to that later. 

The books were kept by the Secretary himself, in 
at least one case, in a small pocket notebook. This 
was practicable up to a certain limit which was ap- 
parently reached in 1908. 

In November 1908 during the second annual term 
as Secretary-Treasurer of Lieutenant Commander 
T. C. Fenton, U.S. Navy, the Society hired a part 
time clerk. This young man took over the bookkeep- 
ing, filing and typing of the Society and established 
the Society’s working office as a split between the 
desk in the Bureau where he was regularly em- 
ployed and his home. This man was a Government 
Civil Servant in the Bureau—his name Arthur G. 
Fessenden. 

This was the picture in 1908. The President used 
his regular office in the Bureau and Council meetings 
were presumably held there. The Secretary and the 
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Clerk carried on their regular jobs in the Bureau 
and conducted the Society’s business from the same 
spots. Naturally both of these took some of the So- 
ciety’s work home at night. The Society’s stock of 
JourRNALS and other things was kept in a storeroom 
in the Bureau of Steam Engineering. 

The 19€8 picture continued for many years with 
no very great change except in the offices of Presi- 
dent and Secretary-Treasurer and in the Council 
membership. During the.first 20 years (1888-1908) 
13 different officers served as President and 12 as 
Secretary-Treasurer. There was no one else except 
the Council. During the next 30 years, 19 additional 
officers were elected to the Presidency and 18 to the 
Secertary-Treasurership. The Clerk remained un- 
changed. 

In 1938 the expansion of the Bureau which was 
mentioned squeezed the Society’s storeroom out of 
government space. As a convenience, to the Society, 
Mr. Fessenden provided space in his home to accom- 
modate the accumulation of 50 years except for the 
file of bound volumes of the JouRNAL which moved 
around the Bureau to follow the election ballots for 
Secretary-Treasurer. 

At about this same time, the Council appointed an 
Assistant Secretary-Treasurer to help in the editorial 
work of the Journa. Mr. Fessenden had not as- 
sumed any of the Editorial work so for 50 years this 
had been conducted pretty much alone by the Sec- 
retary-Treasurer. This officer had received clerical 
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assistance after 20 years and editorial assistance 
after about 50. 

Five years later the double job which he was car- 
rying became so heavy that Mr. Fessenden had to 
drop one or the other. His devotion and loyalty to 
the Society led him to retire from his Civil Service 
position to devote full time, at an appreciable finan- 
cial sacrifice, to his job as A.S.N.E. Clerk. At that 
time the Society’s office very definitely moved to Mr. 
Fessenden’s home although the mailing address was 
still kept at the Bureau of Ships. 

In another five years, Mr. Fessenden gave up his 
home and moved to an apartment. The Society’s gear 
was moved to a room which was rented, at a very 
nominal sum, from our printer R. Beresford and the 
Society address was changed to 605 F. St., N.W. The 
space occupied was voluminous enough to house all 
of the Society’s stores and files and principal piece 
of furniture, THE DESK. This article had served for 
about 35 years with our Clerk and from its second- 
hand price of 15 dollars had been amortized to zero 
for many years. 

In 1954 circumstances forced a change of printers. 
Although we remained in the Beresford building an 
early change was indicated. Before this happened, 
the clerical load which had forced Mr. Fessenden’s 
retirement from Civil Service, through continued 
expansion forced the employment of a part time Sec- 
retary for Mr. Fessenden. Of course, that mush- 
roomed into the need for a second desk and the 
Society acquired its first piece of real furniture in 60 
years. 


circumstances thoroughly and decided that the So- 
ciety had now grown up. It was time for it to be fully 
self-supporting. It authorized the Secretary-Treasur- 
er to locate and move to adequate and proper quar- 
ters. It also transferred not to exceed $5,000.00 from 
the reserve fund to capital account so that the new 
offices could be furnished in keeping with the pres- 
tige of the Society. 

These quarters were found and were occupied on 
23 November 1955 just a few days before the wreck- 
ers moved in to raze 605 F. St. and just an hour after 
the original Society desk collapsed. The cost of the 
move and furniture was about one-half of the 
amount authorized. 

The pictures in these Notes show something of the 
layout and appearance of Suite 1004, The Conti- 
nental Building. One of them shows the Council 
members who attended the first meeting ever to be 
held in THE SOCIETY’S OWN QUARTERS. It took 
67 years but we believe that it is worth it, and also 
worthy. 


Power Generation and ASNE 


One member has suggested that the JouRNAL in- 
crease its coverage of nuclear power developments. 
It was no coincidence that the Council had already 
reached this decision for a reason which is basic to 
the foundation of the Society. 

In its 67 volumes, the JourNAL can be followed as 


a positive guide to the forms of power generation and 
transmission, particularly of course, in marine appli- 
cations. The transition from the Scotch Boiler to the 
Nuclear Reactor and from the compound horizontal 
engine to a steam or gas turbine which can receive 
and transform the product of the nuclear reactor 
with contemporary accomplishments of diesel and 
other internal combustion engines and gas turbines 
has been pretty well chronicled since 1888. At least 
one reader has expressed the fear that we were over- 
doing the assignment of space to nuclear matters. We 
do not agree. In a very real sense, the advances of 
technology have been accelerating along an expo- 
nential type growth curve. We find that our efforts to 
expand the JouRNAL at a corresponding rate in order 
to cover every field wherein new things challenge the 
naval engineer is impossible. However, in the field of 
ship propulsion, to adhere to the dreams of the 
founders of the Society, we cannot afford to stint. We 
shall continue to seek out worthy reprints and to ac- 
cept original articles on nuclear power subjects and 
will devote enough space in the JouRNAL to their 
proper display. 

Attention is invited to the Book Review by Mr. 
Mark Ireland on page 399. It appears that the U.S. 
Atomic Energy Commission is committed to a course 
which will make engineering experience and data 
information in the nuclear field available to the pub- 
lic in a comprehensive and timely manner. It is as- 
sumed: that naval engineers with the forward look 


~ will consider the need for adding the A.E.C. Man- 


_~ uals to their libraries. 
The Council in 1955 considered the situation and ~ 


Very vital to us in covering a subject like Nuclear 
Power in the JourNat is the matter of military se- 
curity. In an article on page 307 Mr. Detwiler sets 
forth certain considerations which may not be gen- 
erally appreciated. Much as we would like to obtain 
and publish many details, we fully realize our re- 
sponsibility to support the safeguards which respon- 
sible officials have erected to protect us and our 
country. Any knowledge or information which is re- 
sponsibly considered properly to be on a “need to 
know” basis is something that we as publishers of 
the JourNat do not need to know nor can our readers 
expect to get such information from our pages. 

It is all of 25 years since the JouRNAL has been able 
to print in detail the full Engineering Trial Reports 
of new naval ships. Up until 1933 these reports filled 
many pages. In that year clearanace to publish was 
denied for the first time. 

We would enjoy a world environment where any- 
one-who knew anything-could write.about it-and-we 
could become the medium wherein naval engineers 
could read about the very latest and best in full sci- 
entific or engineering detail. Manifestly the present 
environment is not like that. 


Codes of Ethics 


In their efforts to establish engineering as a pure 
profession, many engineering societies have adopted 
codes of ethics to govern the conduct of their mem- 
bers. This Society has been asked to subscribe to. 
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SECRETARY’S NOTES 


The historic Council meeting of Tuesday, 6 March 1956. eg gt me A. G. Fessenden, Administrative Assistant; Rear Admiral 
Kenneth K. Coward, U. S. Coast Guard, President; Captain J. E. Hamilton, USN, Ret., Secretary-Treasurer. Standing (Members 
of the Council): Lieutenant Commander J. W. Sawyer, USNR; Mr. James S. Melton; Rear Admiral L. V. Honsinger, USN; Cap- 
tain Peter Horn, USN; Mr. Thomas H. Shepard, Jr.; Captain Peter V. Colmar, USCG. 


AMERK AN 
ENC 


The President and the Secretary-Treasurer scan the en- The Administrative and the Secretary-Treasurer 
trance to Suite 1004. at the door of their offices. 
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such codes but has felt that its nature makes this 
action unnecessary. “Naval Engineering” has become 
a composite or compound term. It is really the appli- 
cation of any kind of engineering to naval purposes. 
Most “Naval Engineers” are educated and classed as 
mechanical, electrical, electronics, etc. engineers. 
Naval Architects as engineers are also “Naval Engi- 
neers.” These individuals who join the American 
Society of Naval Engineers are under a dual com- 
pulsion as regards ethics, These are imposed by the 
codes of their particular professional society on the 
one hand and the traditional codes of ethics of the 
public servant and of the Naval Service on the other. 
For this reason this Society feels that the restraints 
and policing which adoption and enforcing a special 
code on our members implies is not necessary. 

However, as publishers of the JourNAL we have 
another sort of obligation which is to our advertisers. 
The article “Dangers Ahead for the Engineering 
Profession” which we reprint on page —— describes 
this. We have never set aside a section of the Jour- 
NnaL for “Professional Cards” but will be happy to do 
so immediately on request of anyone who wishes to 
insert a professional card. Until we have gained ex- 
perience and made a further study of the matter, we 
will change regular advertising space rates for these 
cards. 


Scientific and Engineering Education 


Joint Engineering Councils and many others have 
made the public aware of the critical situation with 
which the United States is faced in regard to the 
number of scientific and engineering college gradu- 
ates. The pages of the JouRNAL have been made avail- 
able so that the Society may contribute to the cam- 
paign which is designed to improve the situation. 

We feel that the article on page 259 by Rear Ad- 
miral Hyman G. Rickover, U.S.N. is a very valuable 
contribution to this campaign. 


Navy Recruitment and Reenlistment Program 


Another campaign of great national importance is 
that of the Navy in trying to improve the numbers of 
voluntary enlistments and reenlistments. 

On page 220 is a succinct statement about the 

United States Navy, its role in national defense, the 
importance of the individual in the Navy, and the 
future of the Navy. It has been approved by the Chief 
of Naval Operations and represents the corporate 
thinking of mature and experienced officers of the 
Navy. 
In today’s New Navy the individual is increasing- 
ly important, and a common understanding of the 
role and mission of the Navy should be constantly 
kept in mind by all members of the Naval Establish- 
ment from Seaman to Admiral. 

Today the U. S. Navy is the world leader in the 
utilization of atomic power in the Nautilus, and in 
new ship developments, is in the forefront in guided 
missile development and is a leader in the whole 
aviation development field. Such preeminence is 


comforting in today’s troubled world and augurs 
well for the New Navy now being developed. 
Engineering Societies 

The U.S. Department of Commerce is preparing 
a Directory of Engineering Societies. A preliminary 
draft carries the names of 65 such societies. We were 
interested in our place on this list and arranged the 
entries chronologically with the following results: 


Established 
1. American Society of Civil Engineers ...... 1852 
2. American Institute of Mining and 
Metallurgical Engineers 1871 
3. American Chemical Society ............... 1876 
4. American Society of Mechanical Engineers . .1880 
5. National Association of Power Engineers . .1882 
6. American Institute of Electrical Engineers . .1884 
7. AMERICAN SOCIETY OF 


NAVAL ENGINEERS 1888 


Seven more societies were formed in the 19th cen- 
tury since which these formations have occurred at 
an average rate of ten per decade. 

This chronology appears to indicate that the offi- 
cers of the old Naval Engineers Corps were among 
the very first to recognize the great potential contri- 
butions of joint action and joint attack on technologi- 
cal problems. We mid-twentieth century followers to 
whom this torch has been passed are attempting, in 
the JouRNAL, to prove the soundness of their views. 


Errata 


At the top of the first column, page 48 of the text 
of “Power Reactors” by Robert W. Clack the state- 
ment “. . . metallic uranium rods clad in an alumi- 
num jacket . . .” appears. The author points out in 
a letter to the Editor “that the use of aluminum is 
confined to lower power or research reactors in the 
indicated application. The cladding material used on 
the fuel elements in power reactors must have a con- 
siderably higher melting point than can be had with 
aluminum or aluminum alloys. A satisfacotry ma- 
terial for cladding in power reactors is zirconium or 
zirconium alloy.” 


The Journal 


Mod. 1 of the new format cover clothes this issue 
of the JouRNAL. This represents a composite of many 
suggestions which were received after the February 
issue appeared. Further comments and suggestions 
regarding the cover or any other feature of the 
JourRNAL are sincerely desired. 


Death of Miss Elizabeth Beresford 


We have commented previously on the very great 
contributions which were made to the JourNAL by 
Miss Elizabeth Beresford who handled our printing 


for 25 years. She succeeded her father who had 
\served this role for the preceding 30 years. 


It is with deep and sincere regret that we report 
the death of Miss Beresford. 
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OPENING REMARKS—COWART 


Opening Remarks 

Opening Remarks at the Annual Banquet of The 
American Society of Naval Engineers, Friday, April 
27, 1956, by its President, Rear Admiral Kenneth K. 
Cowart, U. S. Coast Guard: 

Prior to turning the meeting over to our toastmaster, I 
would like to make a few brief remarks. 

It is indeed a great honor for any officer to be elected 


President of this Society. Having been elected your. 
President as a Coast Guard officer, our number being” 


rather small, I feel very specially honored and very flat- 
tered. I also feel that the real credit properly belongs to 
my contemporaries, and predecessors, in the Coast 
Guard, all of whom have served so faithfully and to 
whom I owe so much. I want all of you, and the entire 
membership, to know that I shall always regard my 
service as President of this Society as one of the most 
cherished honors of my life. 

Our Society fills an important national need, in its re- 
lationship to the naval growth and history of our country. 
In addition, it fills an important professional and social 
need for each of us who are members. 

As you all know, the annual activity of our Societv 
may be measured by five items, namely, four issues of 
the JourNAL, and this, our annual banquet. Referring to 
the JourNaL, I am sure the membership has noticed re- 
cent changes, which have been directed toward general 
improvement. Not only has the format been changed, to 
keep pace with the current advancing tempo, but the 
professional level of the substance of the articles has 
been considerably improved. This is very fitting and in 
harmony with the general and rapid technological ad- 
vances of our time. Another change, the establishment 
of a junior membership in the Society, was made during 
the past year. We are hopeful that this change will 
strengthen our membership with young blood, by en- 


’ couraging our engineers to become members while they 


are still young. I would like to say that these changes 
have not been made as the result of my efforts. My pre- 
decessor, Rear Admiral F. R. Furth, his predecessors, the 
members of the Council, and their predecessors, the con- 
tributors to the JourNAL, a cooperative membership, our 
Assistant Secretary-Treasurer, Captain Madden, our 
Administrative Assistant, Mr. Fessenden, and our Sec- 
vetary-Treasurer, Captain Jimmy Hamilton, are due the 
credit. 

To continue with some further changes during the past 
year, it was only a short while ago, on March 6 in fact, 
that the Council of the Society held a meeting which was 
historic in character. It was historic because it was the 
first meeting of the Council in the new permanent quar- 
ters of the Society, which are located in the brand new 
air conditioned Continetal Building, at 1012 Fourteenth 
Street, N.W., Washington, D. C. The next issue, of the 
JourNAL will feature some pictures of these. new -quar- 
ters, along with a little history of the Society’s earlier 
quarters and furnishings. However, I would like at this 
time to extend a cordial invitation to all members to drop 
in at our new quarters and pay us a visit. Our Secretary- 
Treasurer, Captain Hamilton, and our Administrative 
Assistant, Mr. Fessenden, both join me in extending this 
cordial invitation to all members, as well as their guests. 

It was during this same meeting, on March 6, that an- 
other important event occurred. The Council presented 


to the widow of Mr. Edward C. Magdeburger, a Certifi- 
cate of Honorary Membership. Mr. Magdeburger joined 
the Society in 1925, and was an active member until his 
death, contributing many articles to the Journay. On 4 
October 1955, he was nominated for Honorary Member- 
ship with the following citation: 


£ “In view of his considerable contribution in the 


{diesel engine field, his leadership and vigor in the 
‘ ee adoption and use of diesel engines by the’U. S. Navy, 


his inspiration and guidance to the many Naval En- 
gineers and young officers who worked with him, 
and his outstanding performance as a good citizen, 
the Council of the American Society of Naval Engi- 
neers takes great pleasure in directing that Mr. Ed- 
ward C. Magdeburger’s name be printed on the 
ballot for the 1956 election of officers with recom- 
mendation for election as an Honorary Member.” 
His name was before the Society for election to Honor- 
ary Membership at the time of his death. The vote of the 
membership was overwhelmingly in favor of his election 
to Honorary Membership. 

The membership also voted to have certificates of 
Honorary Membership presented to two other of our 
members. I would like at this time to call on one of our 
past presidents. Rear Admiral Roger W. Paine, USN 
(Retired), to deliver the first certificate to Mr. K. D. 
Williams. As many of you know Rear Admiral Paine was 
a former Secretary of the Society, and in 1948 he was 
our President. On termination of his duties as President 
he wrote a very eloquent and constructive letter to the 
Council at the time, which was the basis and beginning 
of an improvement program, some recent particulars of 
which we’ve spoken about tonight. It’s a pleasure to pre- 
sent Rear Admiral Roger W. Paine, U.S. Navy (Retired). 

(Admiral Paine presented the Certificate of Honorary 
Membership. It was accepted in behalf of Mr. Williams, 
who was unable to attend on account of health, by Cap- 
tain Hamilton.) 

Now, I would like to call on one of our past presidents, 
who is not our oldest past president, but is the oldest one 
present here tonight in point of his time as president, to 
deliver the second Certificate of Honorary Membership 
to Mr. A. G. Fessenden, our Society’s Administrative 
Assistant. Rear Admiral Henry Williams served as Pres- 
ident in 1940, and has the distitiguished honor of being 
the first Naval Constructor to serve as President. It is a 
pleasure to present Rear Admiral Henry Williams, U. S. 
Navy (Retired). 

(Admiral Williams presented the Certificate of Honor- 
ary Membership to Mr. Fessenden.) 

And now, before turning the meeting over to our 
Toastmaster, I would like to again extend a hearty wel- 
come to all our members and guests. 

The Coast Guard and the Navy have always main- 
tained a very close, and cooperative, relationship. This is 
especially true in Washington between Coast Guard En- 
gineering and our good friends in the Bureau of Ships. 
Tonight this is well illustrated by the fact that we have 
the Chief of the Bureau of Ships as our Toastmaster. 
When I asked Admiral Mumma if he would so serve, I 
was very pleased that he readily agreed. Naturally, he 
needs no introduction to this audience. Gentlemen, the 
distinguished and able Chief of the Bureau of Ships and 
our Toastmaster of the evening, Rear Admiral A. G. 
Mumma, U. S. Navy. 
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OPENING REMARKS—McNEIL 


Remarks of Honorable W. J. McNeil, Assistant 
Secretary of Defense (Comptroller), before the An- 
nual Banquet of The American Society of Naval 
Engineers, Washington, D. C., April 27, 1956: 


It is always a great pleasure for me to meet with the 
members of the American Society of Naval Engineers 
and to participate in your annual dinner. I believe this 
is the 10th affair of this type which I have attended, and 
I must say I have enjoyed every one of them. I have 
never lost my country-boy enthusiasm for ships and the 
people who build them. 


I find myself tonight in the situation of the Admiral 
who ran into a boyhood rival at the Railroad station. 
Like the Admiral, his rival who had entered the Church, 
had also enjoyed considerable success in his chosen field 
since they last met. He was now a Cardinal with a con- 
siderable paunch and was dressed in the vestments of 
his office. Upon seeing the Admiral sitting on a bench 
waiting for his train, he rushed over and shouted: “Por- 
ter, can you tell me on what track the train to New York 
is leaving?” The startled Admiral looked up and, recog- 
nizing his old boyhood rival, said: “The train to New 
York leaves on track 9, but, Madame, I don’t think you 
are in a condition to travel.” 


In condition or not, I have a few thoughts concerning 
the past and future of Naval Engineering which I would 
like to express. 


Naval engineering, it seems to me, stands today in a 
position not unlike that faced at the time the American 
Society of Naval Engineers was founded. in 1888. 


The second half of the 19th Century marked the com- 
ing of the Machine Age to the Navies:of.the world. The 
industrial revolution in sea power had begun earlier in 
that Century with the introduction of the steam engine 
as an auxiliary source of power to the sail. But the real 
age of steam was yet to come. The structural limitations 
on the size of ships which could be built of wood served 
as a barrier to the full exploitation of the marine steam 
engine. It was the coming of the iron and steel hull which 
broke this barrier and made possible the larger ships so 
sorely needed for the full exploitation of the potentials 
of the steam engine and which in time opened the door to 
effective armor and heavy ordnance, the technical pre- 
requisites of a modern Navy of the recent past. 


From the end of the Civil War until the early 1880's, 
the U.S. Navy experienced a period of absolute decline. 
New ship construction during this period was negligible, 
and consisted mostly of wooden ships. The basic indus- 
try needed for a modern Navy did not exist in this coun- 
try. Navy policy at that time was oriented to commerce 


raiding and passive coast defense for which wooden sail- 
ing ships and ironclads were then deemed suitable. 

It was not until 1881, only seven years before the So- 
ciety was founded, that the U.S. Government took an 
official interest in the development of a modern Navy. 
Two years later the Congress voted the construction of 
three protected cruisers and one dispatch boat to be 
constructed of steel and to be propelled by steam with 
auxiliary sails. These were the Atlanta, Boston, Chicago 
and Dolphin, the famous A, B, C, D ships which marked 
the beginning of the modern U.S. Navy. They were de- 
livered in the period 1885 to 1887 and were formed into 
what the Navy at that time called a “Squadron of Evo- 
lution”— popularly known as the White Squadron. 

In 1886, just two years before the Society was founded, 
the Congress decreed that the Navy use in the construc- 
tion of naval vessels only materials of domestic manu- 
facture. This delayed the construction of the new Navy, 
but it laid the foundation of the great supporting indus- 
try upon which our Naval power rests to the present day. 

It was just about this time, 1890, that Admiral Mahan’s 
famous work, The Influence of Sea Power Upon His- 
tory, was published. This work furnished the philo- 
sophical basis and gave direction to America’s gropings 
for a’modern Naval policy. In the same year, the Con- 
gress gave practical expression to the theories expound- 
ed by Admiral Mahan by voting funds for the construc- 
tion of three “sea-going” battleships, the Indiana, the 
Massachusetts, and the Oregon. 

I need not recount to this audience the rapid develop- 
ment of Naval engineering which then ensued. The size, 
variety and efficiency of steam engines expanded very 
rapidly, followed later by the introduction of the steam 
turbine, the marine diesel engine, turbo electric pro- 
pulsion, etc. At the same time, auxiliary engines of all 
types for steering, gun turrets, anchors, pumps, ammu- 
nition handling, etc., continued to multiply. The size, 
speed and combat power of our warships continued to 
grow and the submarine, the aircraft and the carrier 
made their appearance. 

Now, almost without public notice, we are entering a 
similar period of revolutionary development in naval 
engineering—nuclear energy as a source of propulsion 
power, guided missile armaments, new hull designs as 
symbolized by the Albacore and the extensive applica- 
tion of electronics to all phases of ship operation. 

No one can clearly foresee where all these dramatic 
developments will lead, but we may be sure that the 
Navy of the future will be a much more powerful and 
versatile force than it is today. 

While the Naval Engineering fraternity may well look 
back on past achievements with great satisfaction, it 
seems to me that even greater challenges lie ahead. 
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THE UNITED STATES NAVY 


GUARDIAN OF OUR COUNTRY 


The United States ‘Navy is responsible-for maintaining:control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 


It is upon the maintenance of this control that our country's glorious future 
depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 


Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watch- 
words of the present and the future. 


At home or on distant stations we serve with pride, confident in the re- 
spect of our country, our shipmates, and our families. 


Our responsibilities sober us; our adversities strengthen us. 


Service to God and Country is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 


The Navy will always employ new weapons, new techniques, and greater 
power to protect and defend the United States on the sea, under the sea, 
and inthe air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 


Mobility, surprise, dispersal, and offensive power are the keynotes of the 
new Navy. The roots of the Navy lie in a strong belief in the future, in 
continued dedication to our tasks, and in reflection on our heritage from 
the past. 


Never have our opportunities and our responsibilities been greater. 
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ADMIRAL ROBERT B. CARNEY 


THE MUTUAL INFLUENCE OF SEA POWER 
AND FUTURE HISTORY 


An address before The American Society of Naval Engineers, Inc., by Admiral Robert B. Carney, United 
States Navy Retired, Friday, April 27, 1956 


Mahan did much to codify the political importance of 
sea power when he analyzed past history in terms of sea 

wer’s influence. Our own generation witnessed events 
which clearly emphasized the essentiality of sea power 
in a great struggle and pointed up the dangers of ex- 
tended geopolitical ambitions when unsupported by an 
ability to control essential parts of the seas. Now, man- 
kind is anxiously preoccupied with the future and is 
endeavoring to identify and sort out the factors which 
will determine the success or failure of the objectives of 
the great human forces at work throughout the world; 
dynamic philosophies and aspirations are in conflict, 
everywhere the stakes are high and the dangers are 
great. The sea will play its part and advantage will ac- 
crue to the side which best understands and utilizes the 
potentials of sea power. 

Science is whizzing at a bewildering rate and the 
leadership of the world has become infinitely compli- 
cated. Governments concerned with global strategy have 
a task complicated far beyond anything which con- 
fronted their predecessors; not only are the interrela- 
tions of governments becoming more complex, but the 
factors of time, space, and communications have taken 
on new dimensions with the result that problems can 
generate like lightning and can spring full-grown, in 
great numbers, from the dragon’s teeth of today’s rapid- 
ly shifting social and economic pressures. In this welter 
of pressing and important factors, it is difficult indeed to 
select the wisest policy and to forge the best tools for the 
implementation of policy. Such being the case, before 
there can be any truly sound evaluation of the role of 
sea power in the future, there must be an objective over- 
all appraisal. 


A comprehensive estimate of the situation would in- 
clude a scrutiny of the forces at work in,the world, the 
political and sympathetic alignments of Howers, the va- 
lidity and substance of racial and groy# aspirations, and 
a facing up to the actuality of the i ances of various 
sorts which exist or appear to be developing. In this day 
and age, importance attaches not only to obvious threats 
to worldwide peace but also to threats against the peace 
in important local areas—and no area seems to be unim- 
portant today. Thus, ambitions and hopes are assessed 
in the light of the probabilities and threats of the future. 
Future history will be shaped in great measure by the 
steps which are taken as a result of these appraisals and 
reappraisals. If we are wise and resolute, we will retain 
a measure of volition with respect to the history of the 
future. There are many areas in which we must move 
wisely, and sea power is.one of them. You may be sure 
that our own history, and the history of the world, will 
be profoundly affected by the effectiveness of our mari- 
time strength and our fortunes at sea. 

If the forecast presents acute problems—which it un- 
doubtedly does—there are many things which the nation 
must be prepared to do successfully to meet the expected 
dangers and emergencies of the future. These measures 
encompass the fields of economic and financial strength, 
the political field with its many interlocking factors, the 
great and pressing nationalistic and sociological move- 
ments of our times, and the matter of military posture. 

Pinpointing the military aspect of the problem, while 
recognizing that it is, after all, only one of the important 
elements of national strength, I believe it could safely 
be said that in this age the principal objectives of the 
military structures are: 
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The Right Side of the Speakers’ Table. (The phof6gtapher’could find no proper spot from which to get the Left Side). Left to 
Right: Rear Admiral Arnold, Chief of the Bureau of Supplies and Accounts; Rear Admiral Lonnquest, Past-President; Rear 
Admiral Williams, Past-President; Rear Admiral Paine, Past-President; Vice Admiral Richmond, Commandant of the Coast 
Guard; Assistant Secretary of Defense McNeil; Admiral Carney, Principal Speaker; the Secretary-Treasurer (who was not 
meant to be there); Whistle (courtesy Leslie Co.); Rear Admiral Cowart, Presiding; Rear Admiral Mumma, Toastmaster; Assis- 
tant Secretary of the Navy Franke; Vice Admiral Mills, Past-President. we 


Rear Admiral Furth, Past-Presi- 
dent, and Rear Admiral Leggett, 
Past-President. The Society’s two 
most recent Prst-Presidents who 
were not at the Speaker’s Table. 


President Cowart welcomes members and guests 
to the Annual Banquet. 


Assistant Secretary of Defense McNeil flanked by Admiral th 
ome a ae left and the Commandant of the Coast Guard fo 
on 
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SEA POWER AND FUTURE HISTORY 


1. To protect the vitals of the United States against 

disastrous surprise attack; 

2. To maintain the ability to retaliate swiftly and fear- 

somely in the event of attack; 

3. To maintain an ability to carry on a sustained and 

diversified effort. 

Protecting our own vitals and being able effectively to 
retaliate must in these days be considered as corner- 
stones of military thinking, but there are other factors 
which are also of vital importance and which must not 
be relegated to the background by the more dramatic 
need for continental defense and retaliatory capability. 

In contemplating any military struggle of the future, 
two general situations must be postulated; atomic war, 
and non-atomic war. It can be argued—and earnestly 
hoped—that the horrors of a full-scale atomic exchange 
would be such that even the most perverted human in- 
telligence would shy away from invoking it. Neverthe- 
less, we cannot forget that we have been shocked and 
disillusioned by brutality and callousness in our own 
lifetime and, therefore, it is only prudent to be ready to 
defend ourselves under any contingency, even including 
atomic war. On the other hand common sense, or perhaps 
fear, may stay the hand that could release atomic attack; 
in such circumstances, should a lesser struggle be trig- 
gered, again it is the part of prudence to be prepared 
successfully to win. 

Let us first look at the possibilities of atomic war. In 
its simplest form we could say that such a struggle could 
be divided into two phases. The first would be violent 
and perhaps could be critical; if human toughness could 
weather .such an onslaught, the second phase would be 


a campaign of attrition and endurance. In the first phase, 


the basic problems would be the interception and blunt- 
ing of enemy attack, the retaliation, and the measures 
aimed at minimizing the paralyzing effect of attack. 
Even in such a blitz, with its overriding accent on the 
air as the avenue of attack and the initial battleground, 
the sea would be an important extension of our ramparts 
and one more springboard for counterattack. The sec- 
ond phase of atomic war—attrition and endurance— 
would surely involve the familiar old pattern of struggle 
for the sea. é 

The pattern of non-atomic war would be familiar in- 
sofar as operations are concerned, although the compo- 
sition and capabilities of the forces would differ radical- 
ly from those that brought World War II to a successful 
military conclusion. The military struggle would be 
waged with modern refinements of what we are pleased 
to call conventional weapons, but it would also be pru- 
dently necessary for us to maintain, in being, adequate 
atomic forces for their deterrent effect—and as neces- 
sary insurance in the event deterrence failed. 


In any war that I can visualize, endurance and a sur- 
viving industrial potential would still be powerful fac- 
tors and, for us to realize our full potential, the sea lanes 
must be recognized as vital and we must have, ready at 
hand, forces to keep them open for our own purposes 
and denied to any enemy. Were we to be blitzed, the 
seas must bar any hostile exploiting follow-up. If we 
were forced.to pick ourselves up from wreckage to fight 
on—as I believe we would—control of the seas would be 
a prerequisite to such victory as could be salvaged. 

In any non-atomic struggle of the future, loss of con- 
trol of the sea would surely spell defeat and, here again, 
there is obvious need to have, ready at hand, maritime 
forces which would enable us to push through to our 


own objectives at the same time defeating any and all 
enemy efforts to disrupt our movements at sea. 

Assuming the possibility of either atomic or non- 
atomic struggle, our security forces must be able to cope 
with both situations—and must have the requisite offen- 
sive and defensive characteristics to stave off defeat and 
press on to victorious solution in either of those event- 
ualities. 

There must be adequate dispersal of forces and their 
supporting elements to minimize atomic damage. There 
must be a capability for atomic attack and a comparable 
capability for atomic defense. The same is true with re- 
spect to the assumption of non-atomic conflict; our 
forces must be able to withstand any initial shock, must 
be able to fend off enemy efforts, and must have the 
capability of striking the necessary blows to win a de- 
cisive outcome. 

Rapid advances in technology, on both sides of the Iron 
Curtain, pose a terrific problem to science, industry, and 
the military. Speed alone has introduced compressed 
time elements which make difficult or impossible many 
defensive solutions if depending on manual methods; in 
many instances, the rapidity of development of the tac- 
tical problem is such as to defy assimilation and coordi- 
nation of man’s mind alone. Offensively, the mechanical 
brains of weapons must solve intricate flight and target 
problems and must circumvent enemy counter-measures 
to prevent being thrown off the track. Our forces and 
weapons must be able to penetrate enemy defenses and 
defeat enemy attacks; the accomplishment of these ob- 
jectives, today, is taxing our scientific and technical 
skills, and our production capability, to the utmost. 

Participation by Naval forces, under their assigned 
roles and missions, in a super-blitz type of struggle calls 
for both offensive and defensive capabilities over the 
sea, on the sea, and under the sea. The forces and their 
weapons will be tailored to the targets which they must 
strike and to the threats which they may encounter. 
Navies do not think only in terms of meeting other 
navies, nor can armies and air forces confine their think- 
ing to enemy counterparts; each of the Services has ob- 


_ ligations to cooperat$ with the others and to make con- 


tributions toward the achievement of the objectives of 
sister Services. Offensively, the Navy must support the 
efforts of the Air Force and work to the end that our 
ground forces may project their power from secured 
beachheads and areas; these in addition to the offensive 
roles assigned primarily to the Navy. Defensively, the 
Navy must man the sea ramparts and make its contri- 
bution to detection, interception, and tracking of threats 
to our shores, whether they move by sea, by air, or from 
under the sea. Also, of course, our maritime forces must 
be able to protect themselves against specific attack. 


All of these requirements dictate the creating and 
maintaining of a powerful and versatile Navy capable, 
in conjunction with allied forces and our own sister 
Services, of insuring that degree of control of the sea 
which is necessary. Every technological advance which 
can be incorporated to advantage into the characteristics 
of ships and planes and weapons must be sought. The 
picture is even now unfolding; the Fleet is evolving into 
a powerful family of ships and planes whose capabilities 
will be vastly enhanced by the introduction of nuclear 
power; the range, accuracy, and lethal potency of wea- 
pons are being continually extended by the operational 
application of scientific and engineering advances; and 
the brains of science are producing electronic brains for 
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SEA POWER AND FUTURE HISTORY 


CARNEY 


the instantaneous solutions of problems too complex for 
quick handling by the mind of mere man. 

The times in which we live have been variously re- 
ferred to as the air age or the nuclear age. Perhaps it 
would be more accurate to say that we are living in an 
age of practically applied advanced science. True, the 
capabilities of aerial operations are constantly increas- 
ing, and it is equally true that the introduction of the 
atom is having a profound effect on our lives and on our 
imaginations. From the standpoint of sea power, all of 
those catch phrases are meaningful. Piloted and _pilot- 
less vehicles are profoundly affecting the business of 
maintaining control of the sea. Mass air transport by 
giant planes, as yet only in the minds of the imaginative, 
may by-pass some of the dangers of the sea and absolve 
the maritime forces from some of their surface burdens. 
There are concepts of aerial logistic support of sea-going 
forces which, when feasible in terms of available air- 
craft, will profoundly affect the endurance and the ca- 
pabilities of our sea forces. The entire complexion and 
capabilities of our sea forces could be revolutionized by 
the general availability of nuclear power to ships and 
planes. An increase in the family of healthy and diversi- 
fied missiles may not cause the disappearance of the gun, 
the torpedo, and the bomb in our day, but the lethal 
range of the new weapons will be greatly extended be- 
yond the capabilities now known. 

With a little imagination, and even an elementary 
understanding of the things that are coming to pass, one 
can conjure up a reasonably good picture of the ships 
and planes and weapons of the future as they evolve 
from today’s prototypes. But one thing will not change: 
people. If we think of the “Navy of the future” totally in 
terms of material things, we could be beguiled into ne- 
glecting the one ingredient which will be essential in the 
atomic fleet just as it was in John Paul Jones’ day .. . 
“People”—knowledgeable people, loyal people, resolute 
people, and disciplined people. Contrary to the earlier 
predictions of some, the demand for human ability and a 
high order of character and leadership is increased with 
the advent of the push-button. Whatever the “Navy of 
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the future” may look like, its inner worth will be meas- 
ured by the caliber of its people. They will have the 
privilege of playing an important role in history—a great 
and successful role as long as our country realizes that 
there is no substitute for power at sea in the scheme of 
our national security. Other elements of power are also 
essential, but none is a replacement or substitute for sea 
power. 


Just as surely as sea power played a leading role in the 
outcome of the past, so will it exert a powerful influence 
on the shaping of affairs of the future. New factors of 
time and space, new dimensions of destruction, have 
come upon the scene; new stirrings and new fears are 
affecting men’s thinking; theories are being sorely tested 
by the realities of survival—many, many influences will 
be brought to bear on the peoples of the world. Spec- 
tacular, dramatic, and urgent matters will compete for 
man’s attention, perhaps at times overshadowing the in- 
exorable but more gradual maritime pressures. Never- 
theless, nothing we may do can prevent our ultimate 
isolation, our fading from greatness, our loss of worthy 
leadership—possibly our defeat—if we fail to retain our 
mastery of the essential arteries and areas of the seas. 
Nothing we do can hold the confidence of allies, if our 
communications by sea are severed. The best efforts of 
statesmen, industrialists, scientists, and our sister Serv- 
ices would go for little should we and our allies and 
friends become hemmed in and separated by hostile 
oceans. 

Therefore, there can be no other conclusion but that 
the measure of our Naval preparedness will have much 
to do with what future history has to say about the part 
which the United States has played in the great quest 
for a decent and honorable peace. This is one of the fields 
in which we have the opportunity to shape a bit of his- 
tory. Today our pre-eminence at sea is being challenged; 
we must meet that challenge for, if we fail to do so, his- 
tory will surely record the decline of the United States 
as a great and potent champion of freedom—and may 
well mark the decline of freedom itself. 
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. EXPOSITION OF A PROBLEM ment may be provided. Expensive separation of 

A boilers, engines and auxiliary machinery into a num- 

i: “balanced design,” adapted to meeting both ber of isolated watertight compartments complicates 

. general and specific requirements, is the aim of every operation but offers compensatory advantages such 

2s competent naval architect and marine engineer en- as greater flexibility in selection of propulsion ma- 

y gaged in the design of a merchant or naval ship. At chinery in operation at any time and improved re- 


every stage of the project he reconciles conflicting 
demands of speed, useful carrying capacity, adequacy 
of accommodations, radius of action, strength, size 
and cost, and finally must produce a compromise ac- 
ceptable to both his own principles and his principals. 

Almost inevitably, in the interest of putting the 
ship into early service, and because of limitations of 


cost, unavailability of desired materials or compo- _ 


nents, possible shortsightedness or ignorance, inade- 
quate specifications, and other reasons, the degree of 
balance actually achieved, though generally accept- 
able, leaves something to be desired. 

Owners, operators, designers and insurers all at- 
tempt to foresee the casualties that may occur in 
service. They try to evaluate their relative serious- 
ness and make provision for avoiding or overcoming 
them as well as can be within the limitations of the 
design. Shipboard allowances of stores are estab- 
lished and filled. Ship and shore-based spare parts are 
purchased and distributed. Emergency communica- 
tion and lighting systems are provided. Safety of life 
at sea equipment is furnished. Standby and emer- 
gency fuel, lubricating oil and water pumps are usual- 
ly installed. In naval ships, alternate methods of 
steering, secondary means of gunfire control and 
seemingly large amounts of damage control equip- 


sistance to damage. 

After painstaking study, self-contained means may 
be provided for overcoming trivial annoying situa- 
tions most unlikely to ever occur. Simultaneously, 
the selfsame well-meaning people usually make no 
provision against the smaller odds that the ship dur- 
ing her service life will lose or damage her rudder, 
tailshaft or propeller, or for other reason, such as 
flooding of machinery spaces, become exposed to the 
greater dangers inherent in a relatively long-term 
loss of propulsive power and control. Certainly such 
a design cannot be considered effectively balanced 
from a probability point of view. Unfortunately, pre- 
cisely that situation is the case as regards substantial- 
ly all single-screw ships. Multiple screw ships are 
generally less vulnerable although in time of war a 
single mine, bomb or torpedo might instantaneously 
rob the ship of all means of applying propulsive 
power, whether or not engine or other compartments 
were damaged. 

Ever since the adoption of the screw propeller, 
each year significant numbers of ships have experi- 
enced sudden loss of steering control or propulsive 
power because of damage to rudder, propeller, or 
main engines. In a harbor or other restricted waters 
further more severe damage, sometimes amounting 
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to total loss, may ensue to the ship herself or to other 
ships or structures with which she may collide before 
control of the situation is regained. Should unfavor- 
able conditions prevail, extensive loss of life may be 
a sequel to the casualty. 

When damage has been sustained at sea which the 
crew is unable to promptly overcome, and propulsive 
power or control has been lost for an unavoidable 
period of time, a potentially dangerous and costly 
situation exists. Assuming an intact hull following the 
casualty, fine weather, calm seas, plenty of searoom, 
and tug service available from not too great distance, 
the situation is not desperate. Even so, several days 
may be spent wallowing around before a tug has 
reached the scene, passed her towline, taken the dis- 
abled ship under tow and completed the trip to the 
nearest repair facility. Very substantial costs will be 
incurred for tug service, purchase of replacement 
materials or parts and delivery to the repair activity 
engaged, emergency or permanent repairs, loss of 
perishable cargo, loss of earnings of the ship, wages 
and hotel costs of crew, disposition of passengers, etc. 
Those costs might be very much reduced if by the 
employment of auxiliary propulsion the ship were 
enabled to proceed at reduced speed after the cas- 
ualty and discharge her cargo, passengers and crew. 
She could subsequently enter a selected repair yard 
at a time when it was in all respects ready for her and 
the necessary materials had been preassembled for 
rapid accomplishment of complete repairs. 

The dangers of the situation are compounded when 
an approaching storm, rough seas, a lee shore, lim- 
ited visibility, the distance from tugs, progressive 
flooding with its possibility of sinking, severed com- 
munications, severe structural damage, or other com- 
plications exist or threaten. Should loss of propulsive 
power or steering unhappily occur during wartime 
in enemy infested waters, odds against saving the 
ship, her cargo, passengers and crew skyrocket. 

A ship experieneing sucha easualty while cruising 
in convoy or other formation is a possible hazard to 
all ships in the group. Often, such other ships must 
maneuver to avoid and assist her. Escorts must be 
provided at least until personnel can be removed and 
disposal made of the damaged ship, at the risk of loss 
of life and damage or loss of the escorts. If, as has been 
the case with some combatant ships, it is decided to 
take the cripple under tow to a repair facility, make 
temporary repairs and subsequently by further slow 
towing, return her to a safe area for permanent repair 
and eventual restoration to service, the costs may far 
exceed the actual worth of the ship. It is questionable 
whether the intangible gain in morale at home, plus 
the real material gain, together justify the enormous 
costs in manpower, money, loss of services, and the 
risks undergone by accompanying vessels, even if the 
operation be completely successful. However, when 
the damaged ship, or remaining half ship, can get 
underway and proceed to port or a safer area on her 
own, using a self-contained means of auxiliary pro- 
pulsion, everyone must admire and applaud her per- 
formance. Sometimes but a few miles need. be tra- 
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versed, even while sinking, to reach a safe beaching 
area, or while awaiting the arrival of air cover, day- 
light, the breaking off of action, or to speed contact 
with rescue units. 

An auxiliary means of propulsion and steering 
would be of obvious advantage in moving a “dead 
ship” without the necessity of employing tug service. 
With ship and tugboat crews on strike, the ability of 
limited numbers of non-striking personnel to move 
the ship short distances may be important in order to 

rovide berths where other incoming vessels may be 
discharged, loaded, or safely secured while the strike 
persists. No one can fairly dispute the operator’s right 
to safeguard his investment by moving his ship away 
from a fire on the pier alongside or to a safe anchorage 
in the face of a threatening storm. Every well-man- 
aged union favors preservation of plant and jobs to 
return to after agreement to end the strike has been 
reached. But, despite willingness of union leadership 
and members to preserve the normal sources of their 
income, sufficient striking personnel may not be near 
at hand to cope with an emergency situation and time 
may be of the essence. 

It must be agreed that there is demonstrable need 
for auxiliary propulsion and steering although di- 
vergent views may persist as regards the importance 
of the problem. While it may be argued that possible 
losses are partially recoverable if adequate insurance 
coverage has been maintained, insurance alone is 
rarely a completely satisfactory solution to the prob- 
lem. Anyhow, like others, insurers are in business to 
make a profit. Insofar as experience and judgment in- 
dicate, they will charge sufficiently high premiums to 
more than cover the risks incurred. Just as a prudent 
sailor habitually carries oars in a sailboat, even 
though it and his life be fully insured, an alternate 
means of propulsion should be provided for every 
larger ship. 


ELEMENTS OF AN ACCEPTABLE SOLUTION 


If there is tentative, reserved agreement that a 
problem exists, a logical next step would be to de- 
termine and more sharply define the essentials of an 
acceptable solution. Whenever existence of a prob- 
lem or need has been fully established and its nature 
explored, specifications leading to a solution may be 
developed. The hardest part of the job of solving the 
problem has then been completed. Generally, person- 
nel of nearer average capabilities can successfully 
“carry-on” from that point, once guideposts and 
limits for their activities have been established. 

Assuming, for the present, that auxiliary propul- 
sive and steering power could be provided, at a cost, 
it is of interest to estimate how much auxiliary power 
merits serious consideration. Certainly duplication 
of the amount of main power is an unacceptable an- 
swer, for the ship might well end up carrying little 
more than engines and the crew to man them. Here 
for once, the well-known extremely disproportionate 
increase in power required to obtain small incre- 
ments in speed is in a sense advantageous and serves 


our purpose. 
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Though great shaft horsepower is required for a 
given ship to reach her designed speed, trial board 
reports consistently confirm that only about one- 
eighth as much is needed for half speed, Less than a 
thousand shaft horsepower will propel a 12,000 dis- 
placement ton C-3 at 10 knots; two hundred fifty 
horsepower will suffice for a loaded 14,000 displace- 
ment ton Liberty ship at 6 knots; two hundred SHP 
will move a 1,600 ton destroyer at 8 knots; a mere 
seventeen SHP is enough to drive a fully submerged 
2.400 ton submarine at 2 knots. 

In estimating power requirements of a ship, use is 
often made of the empirical formula 

SHP= A% V2/c (1) 
where 

SHP represents shaft horsepower, 

A represents displacement of the ship, in long tons, 
c is the so-called “Admiralty coefficient,” and 
V is the speed in knots. 
The Admiralty coefficient is not constant. On the con- 
trary, for a particular ship (except in the case of very 
high speed naval ships) the coefficient generally be- 
comes smaller with increasing speed. 

If, for present purposes, the relatively unimpor- 
tant but conservative assumption is made that the 
Admiralty coefficient of a given ship remains constant 
with decrease in speed (i.e. as the speed-length ratio 
V/V L decreases) , instead of increasing as suggested 
above, the familiar “rule of thumb” is developed; 
power required varies as the cube of the speed. 


shp, x c 
SHP™ Ax*V? 
When c, is assumed to be equal to c, 


shp, Vi 8 2 
where 


shp,=estimated shaft horsepower at a reduced speed, 
SHP =actual full power shaft horsepower, 
v, =reduced speed, and 
V =full speed. 

A semi-logarithmic plot of equation (2) is repro- 
duced as Figure 1. The relatively insignificant 
amount of power required for slow-speed operation 
is clearly shown. To demonstrate that the “rule of 
thumb” is not grossly in error, actual trial board 
data for three ships have also been plotted. For the 


“representative ships selected, the “rule of thumb” 


overstates power requirements for all except two of 
approximately forty points for which trial data were 
available. 

Trial board data for three merchant ships and one 
obsolete destroyer design are plotted in Figure 2 in 
terms of actually measured shaft horsepower corre- 
sponding to speed in knots on a measured mile, the 
speed having been corrected for the effects of tide and 
wind prevailing at the time of trial. Again, for clarity 
in the lower speed range particularly, the plot is 
semi-logarithmic. Data have not been reported (and 
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perhaps were not obtained) for speeds below those 
shown. Extrapolation would indicate further reduc- 
tion in power required at slower speeds. 

If there is guarded acceptance of Equation (2), on 
a linear plot of main engine shaft horsepower pro- 
vided in the ship versus approximate substitute 
auxiliary shaft horsepower which would be required, 
it is possible to draw lines for one-fourth, one-third, 
forty per cent and half speed—indeed, for any per- 
centage of full speed which may be of interest. In 
making such a plot, there is an assumption that the 
auxiliary power can be applied equally as efficiently 
as the main power. 


FIGURE 3 


The matter of how much auxiliary power to con- 
sider providing is dependent upon many factors other 
than personal opinion. The capital investment in the 
ship, the number of lives involved, routes traveled 
and recognizable risks incurred are pertinent consid- 
erations, just as they are in the determination of con- 
ventional insurance premiums. Auxiliary propulsion, 
if provided at all must, to be of use, give enough speed 
for steerageway. Historically, having been satisfied 
with average towing speeds of 4 to 7 knots (and much 
lower average speeds if computed on an elapsed-time 
basis between the casualty and arrival at destina- 
tion) , it would seem a reasonable initial goal to plan 
auxiliary propulsive power for say 5 to 6 knots or one- 
third speed, whichever may be the least. 

Besides being powerful enough to drive a ship at 
a predetermined speed in calm weather, an acceptable 
source of auxiliary propulsive power should satisfy 
subordinate requirements. It must be practical and 
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available if it is to meet the legendary tests of “will 
it work?” and “can it be made?” Preferably, it should 
be semi-portable in order that the auxiliary might, 
in an emergency, be relocated in a given ship or even 
moved from ship to ship. It should be self-contained 
in all respects except fuel. The type of fuel required 
should be safe for carriage and normally available in 
quantity on the ship to which the auxiliary propulsive 
unit is furnished. The unit should be adaptable to 
“jerry rigs” and should not presuppose a college 
education for maintenance, installation or operation. 

Other desirable characteristics of an auxiliary pro- 
pulsive unit would include a built-in means of con- 
trolling the direction of thrust in order that auxiliary 
steering might be incorporated in the same powe1 
package. Only minimum amounts of maintenance 
should be necessary for the large percentage of the 
time that the unit is in a standby condition, and it 
should be possible to accomplish that limited main- 
tenance without special arrangements and equip- 
ment. The unit should have proven reliability with 
low susceptibility to damage whether or not in opera- 
tion. It should be built for heavy-duty service, capable 
of continuous operation at reasonable efficiency for 
extended (but nevertheless limited) periods of time. 
Optional remote or local control would be desirable. 

Like every other component of a good ship design, 
the unit should make minimum demands on space 
and weight and should be reasonable in cost. It should 
either be obtainable in graduated sizes suitable for 
individual applications or be designed for ready com- 
bination of standard units to facilitate making an 
installation of the required power. Ideally, the unit 
should be suitable for some other worthwhile em- 
ployment at least part of the time that it is not re- 
quired for its prime purpose. 

A POSSIBLE ANSWER 

Packaged power plants, which appear to meet most 
of the requirements suggested above, are commercial- 
ly available. Outboard propulsion units, similar to 
that shown in Figure 5, are currently produced in 
standard sizes of up to 400 horsepower, and can be 
furnished in larger sizes. They are obtainable, fitted 
with electric, gasoline or diesel engine drive, as a 
single, complete and portable package, ready for 
for service when fueled. 

Instant 360 degree rotation of the propeller about 
a vertical axis permits steering with the full thrust 
directed at any desired angle, thus eliminating need 
for a rudder. A power-driven elevating mechanism 
can swing the propeller about a horizontal axis, rais- 
ing it 180 degrees from its lowest submerged position 
to an overhead position in less than two minutes. An 
optional power take-off is provided when desired. 

Overall dimensions of a standard 300 HP diesel 
unit is roughly 14 feet in length by 5 feet in width. 
Overall height of the engine, including its foundation, 
is about 7 feet. The center of the propeller hub is up 
to 8 feet 6 inches vertically below the underside of 
the engine foundation and an optional skeg extends 
approximately 3 feet lower as a protection to the pro- 


peller. Some modification of dimensions could be 
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made to suit particular requirements. Dry weight of 
the standard complete 300 HP unit is 9 tons. Standard 
towing propellers are fitted. Those for the most pow- 
erful standard units have diameters of 66 inches to 88 
inches, pitch of 50 inches to 68 inches, and are geared 
to deliver full power at about 275 revolutions per 
minute. Operational periods between overhauls of up 
to 45,000 hours at rated power are not uncommon. If 
shorter intervals between routine overhauls are ac- 
ceptable, as would certainly appear appropriate for 
the proposed auxiliary application, substantial reduc- 
tions can be made in weight, cost and dimensions. 

In the case of a ship with high freeboard, design 
provisions could be made to permit installation of the 
unit at a level low enough for proper propeller im- 
mersion or, if preferred, the engine and outboard 
drive can be separated and installed in different loca- 
tions. Relatively simple provisions for emergency 
over-the-side installation, in one or more locations, 
are practical provided that partial or complete water- 
proofing of the engine is accomplished. In some cases, 
semi-permanent installation of the unit might be 
made on a platform deck aft, permitting the outboard 
drive to be located outside of the stern plating. When 
not in use, the propeller and drive would be stowed 
in an elevated position, with the propeller at or above 
the main deck level. 

Again using the “rule of thumb” earlier mentioned, 
it is possible to show in Figure 4, another semi-log- 
arithmic plot, the percentage of full-power speed to 
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be expected when using one of four standard out- 
board units for the propulsion of a ship which at full 
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Figure 5. 225 horsepower heavy-duty outboard unit adapt- 
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power develops known shaft horsepower. The plot 
assumes equally efficient application of the power in 
the two cases. 

Literally thousands of outboard units have proven 
dependable in worldwide service in a variety of ap- 
plications during and since World War II. Extremely 
varied experience has been obtained with ingenious 
installations in landing barges, lighters, car ferries, 
river towboats, harbor and coastal tugs, and lake and 
deep-sea fishing boats. There is reason to suppose 
that, with. like ingenuity, any essential modifications 
could be made to the unit to make it suitable for use 
as an auxiliary means of propulsion and steering in 
ocean-going ships of conventional form. 

At the very least, the availability of reliable out- 
board units puts the finger on a potential solution to a 
serious problem and should encourage study of 
methods of installation and the possible alteratiens to 
the unit which would best fit it for the proposed ap- 
plication. Concurrently, of course, investigations of 
alternate competitive solutions might be made. 


CONTINGENT BENEFITS 


The principal benefits obtainable by provision of an 
auxiliary source of propulsion and steering power 
have been discussed in earlier parts of this article. 
There are, in addition, fringe benefits which might 
accrue after installing auxiliary units, some of which 
are mentioned below. 

Tug expense to the ship operator could be reduced 
for he can use the auxiliary unit alone for relatively 
safe ship movements, and to supplement hired tugs 
for more dangerous maneuvers. Using a cargo boom, 
the unit can be hoisted out and used for spotting of 
barges, etc., while loading and discharging. The 
auxiliary unit can supplement or if necessary even 
replace the berthing tugs which may or may not be 
available for hire in foreign outports. Wide applica- 
tion of auxiliary units in the naval service, coupled 
with good geographical distribution, would substan- 
tially reduce total tug requirements, for many serv- 
ices could be as effectively and more cheaply ren- 
dered by the auxiliary unit. 

If, during a voyage, engineroom repairs which 
would necessitate temporary stoppage of the main 
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engines become desirable, they may be accomplished 
without too serious effect on the ship’s schedule and 
before more serious damage is done, by simply cut- 
ting-in the auxiliary unit and proceeding at reduced 
speed until the main plant is again in operation. Urg- 
ent repairs can be made under circumstances and in 
areas where a prudent Master would not dare be 
completely without power and steering for even short 
periods of time. 

In other ways, the mere presence of an auxiliary 
unit can lend comfort and a sense of safety to officers 
and crew, as when traversing a canal or restricted 
waterway, when sharp turns may be required under 
adverse weather conditions, to relieve the strain on 
a chain cable if needed, or to supplement worn lines 
when berthed in a tideway. Particularly in the case 
of a single-screw ship, the auxiliary can materially 
expedite maneuvers and perhaps save much time in 
a tight schedule. 

Availability of an emergency means of propulsion 
could be used as an argument for reduced insurance 
premiums. Or, if one cared to go so far, as a reason 
for accepting reduced margins of safety in certain ele- 
ments of a main propulsion plant, in order to enjoy 
attendant reductions in cost, weight and space. Elimi- 
nation of certain shipboard spares might be appro- 
priate, with consequent reduction in investment re- 
quired, making minor increments in space and weight 
available for other purposes. 

If an emergency should arise necessitating getting 
a “dead ship” underway and out of port at the earliest 
possible moment, as for instance upon the close ap- 
proach of an unpredicted storm, the ship with an 
auxiliary unit can be underway and out of the harbor 
long before its main steam propulsion plant is safely 
“warmed up” to the extent that the Chief Engineer 
and Master are both satisfied to let-go lines and 
proceed. 

More subsidiary advantage of auxiliary propulsion 
and steering could be enumerated, as, for instance, 
possible reduction in tactical diameter of an anti- 
submarine vessel. However, if the principal advan- 
tages and safety features are considered insufficient 
to justify consideration, it is unlikely that any num- 
ber of incidental advantages which might be cited 
would alter that opinion. 
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i the presentation of Sir John 
Cockcroft’s paper (1) on the subject 
in 1953, much information has been 
released on the subject of power pro- 
duction using nuclear fuels and it 
seems pertinent that a survey should 
be made to define how this evolution 
in technology may affect the profes- 
sional marine engineer. 

Probably one, and possibly two, 
nuclear-powered merchant ships 
will be in operation within the next 
five years. These will not be com- 
petitive in either first cost or opera- 
tional cost with vessels propelled by 
orthodox machinery, primarily be- 
cause of the inevitable expense at- 
tached to the development of any 
new type of machinery. However, 
outside of this factor, it is hoped to 
show that the balance will not be as 
unfavorable to the nuclear-powered 
plant as has been suggested. 

The U.S. Atomic Energy Commis- 
sion has recently prepared estimates 
of the economically recoverable re- 
serves of both conventional and nu- 
clear fuels, an abstract of which is 
given in Table I. 


Tasie I—World Reserves of Fuel 


World Reserves 


3,482 x 10°, tons 

186 X 10°,, tons 

560 x 10", cu. ft. 
Total Conventional 


25 X 10°, tons 
1X 10°, tons 


Total Nuclear 


1048 


80.4 x 


1,700 x 
71 10"8 


1,771 x 


The details released in the recent 
White Paper covering Britain’s 10- 
year plan for nuclear-power devel- 
opment convey a note of optimism 
despite the capital cost involved. 
The White Paper states that the fuel 
supply prospects are now better than 
previously anticipated. Considerable 
deposits of medium- and low-grade 
uranium ores are known and thori- 
um has distinct possibilities for con- 
version to a nuclear fuel. The 
Government is confident that the 
necessary supplies will be available 
when required. In dealing with an 
installed capacity of eight power sta- 
tions in excess of 1,000 megawatts, 


“this White Paper concludes, “This 


formidable task must be tackled with 
vigor and imagination. The stakes 
are high, but the final reward will be 
immeasurable.” 

Several excellent texts (2, 3, 4) 
have been published on the princi- 
ples and applications of the new tech- 
nology and to include a similar com- 
plete treatment is outside the scope 
of this paper. However, in the inter- 
ests of continuity, the following 
points should be borne in mind. 

Fissioning is the splitting apart of 
the atomic nuclei of the material 
used as fuel. The addition of another 
neutron to the nucleus of a fissile 
material is sufficient to cause an agi- 
tated state and subsequently split up 
of the nucleus. The kinetic energy of 
the fission fragments is dissipated in 
the form of heat and other radiation. 

Theoretically, one pound of nu- 
clear fuel, which has a volume 


slightly in excess of one cubic inch, if 
completely fissioned, releases energy 
equivalent to 43 x 10° B.T.U. or ap- 
proximately 1,000 tons of fuel oil. 

All reactors to date‘have been de- 
signed to use either Uranium 235, 
Uranium 233 or Plutonium 239 as 
fuel. Thorium 232 is a fertile mate- 
rial, which can be converted to a 
fissile material in a breeder-type re- 
actor. (The numbers indicate the 
atomic weight or the sum of the neu- 
trons and protons in the nucleus of 
the atom of that material.) 

Natural uranium, U.238, contains 
only 0.7% U.235 by weight; the other 


two fuels, U.233 and-Pu.239,.must be 


produced artificially. The degree of 
enrichment of the fuel is the propor- 
tion of fissile U.235 to non-fissile 
U.238. The higher the enrichment, 
the more efficient “burn-up” of the 
fissionable U.235 can be expected. 
TYPES OF NUCLEAR REACTORS 

Reactors are classed as either 
“thermal,” “intermediate” or “fast,” 
depending on the energy level of the 
neutrons. In a “thermal” reactor, the 
neutrons are slowed down consider- 
ably by a moderator before continu- 
ing the fission chain reaction. When 
the moderating action allows a high- 
er neutron energy level to operate, 
the reactor is said to be of the “in- 
termediate” type. If no moderator is 
provided to slow down the neutrons, 
then the reactor is “fast” and in some 
cases a fuel diluent may be necessary 
to spread the nuclei and so decrease 
the thermal flux density. 

The form of the fuel, coolant and 
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NUCLEAR POWER FOR SHIPS 


moderator create further classifica- 
tions. In a homogeneous reactor, the 
fuel, coolant and moderator (if used) 
are mixed, often in liquid form. In a 
heterogeneous reactor, these are sep- 
arated usually in solid form, which 
allows a definite geometric arrange- 
ment, e.g., round rods of fuel can be 
slipped into the moderator block in 
much the same way as marking pegs 
are placed into a cribbage score- 
board. 

A reactor is said to be regenerative 
if it replaces all or part of the fis- 
sioned (burned up) fuel by creating 
new fuel from non-fissionable fertile 
material. If this replacement is equal 
to the amount of fuel consumed plus 
some excess, then the reactor is 
known as a breeder. 

Other distinguishing characteris- 
tics are the enrichment and type of 
fuel, the coolant used, and, for the 
thermal reactor, the moderator used. 
A complete discussion on the recom- 
mended materials to fulfil each of 
these functions is given in reference 
5. 

OPERATION OF A NUCLEAR REACTOR 

The reactor is said to be critical if 
at least one of the neutrons (two or 
three are produced with each fission) 
is available to split up another nu- 
cleus and thereby maintain the chain 
reaction, This neutron multiplication 
factor (usually denoted by “k”) 
therefore determines whether the 
reactor is critical or not. If the value 
of “k” is unity or above then the 
reactor is critical, but if the value 
falls below unity, the reactor be- 
comes subcritical and the chain re- 
action ceases. 

As a fissile fuel has the property of 
continuously emitting neutrons, some 
means of adjusting the “k” value is 
required to prevent a spontaneous 
build-up to criticality. This is pro- 
vided by control devices which have 
a high capacity to absorb neutrons. 
In the heterogeneous reactor, these 
devices are usually in the form of 
rods and shims of either cadmium, 
cobalt, hafnium or boron steel alloys. 
The movement of the rods gives a 
coarse control and the shims a fine 
control of the neutrons. In the “cold” 
position, both rods and shims would 
be full in. The power level of the re- 
actor is selected by the withdrawal 
of the rods a predetermined amount. 
Then the gradual withdrawal of the 
shims further increases the “k” value 
of the reactor until it becomes critical 
and the system gets under way. 

Since operating personnel would 
normally be located in a control room 
(6) without access to the “hot” re- 
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actor, the various operating factors 
such as control rod position, strength 
of neutron flux and coolant flow, etc., 
must be measured and transmitted to 
the control room by various instru- 
ments. These individual signals must 
then be used to operate automatical- 
ly the reactor in a stable condition at 
the power level required. 

Possible radiation hazards in the 
form of gamma rays or escaping neu- 
trons must be detected by an elab- 
orate system of sensing instruments 
located both inside and outside the 
reactor. The marine installation 
would also require these instruments 
on the ship’s hull and on the venti- 
lating system and sanitary system. 
The removal of the spent fuel and its 
replacement by new fuel requires the 
use of remote controlled handling 
gear. 

The waste will remain radioactive 
for a considerable period and two 
methods have been used for its’ dis- 
posal. One is to bury it in a concrete 
vault in as remote a location as pos- 
sible. The other is to encase it in con- 
crete and dump this out at sea. This 
is certainly not a commodity that can 
be kicked around until it is lost. 


SELECTION OF REACTOR TYPE FOR 
MARINE USE 

It will be appreciated that, by va- 
rious combinations of the character- 
istics outlined above, the number of 
“possibilities” is very great. 

Fortunately, this range can be 
narrowed considerably by space and 
weight considerations and also from 
the fact that a plant capable of pro- 
ducing replacement fuel is preclud- 
ed. Such a breeder reactor would 
require a far too extensive ancillary 
chemical plant and shielded material 
handling equipment to be accommo- 
dated on shipboard. To exploit fully 
the main advantage in reduction of 
fuel weight and to offset as far as 
possible the expected high first cost 
and fuel cost, a minimum of 15,000 
s.h.p. is indicated. 

The present monopoly of the steam 
turbine in this range of power, with 
the consequent accumulation of de- 
sign and operating technique, has no 
doubt influenced the choice of steam 
as the working medium. It has, in 
fact, been stated frequently that the 
only difference between a nuclear 
fueled steam plant and a fossil fueled 
steam plant is the type of boiler used. 
That this is an over-simplification 
will be seen from the discussion of 
some of the possible reactor designs 
which follow. Also, the operational 
control of the fluid conditioning unit 


(reactor) and the turbine must be 
more closely integrated than is the 
case even with advanced steam 
plants using automatic combustion 
controls. 

A list of feasible types of reactor, 
with no implication of the order of 
precedence, becomes: — 

1. Pressurized water reactor. 

2. Boiling water reactor. 

3. Homogeneous reactor. 

4. Sodium loop reactor. 

5. Gas-cooled reactor. 

This list was computed from study 
of the U.S. Atomic Energy Commis- 
sion’s published five-year plan in 
which an investment of $200 million 
will be made in developing five sep- 
arate types of power reactors. It is 
anticipated that this plan will bring 
within sight the objective of harnes- 
sing nuclear power on a basis eco- 
nomically competitive with coal and 
oil. The first four reactors are ver- 
sions of those included in the United 
States A.E.C. plan. The fifth will use 
a closed-cycle gas turbine as a 
power-producing unit, operating 
with helium as a working fluid. 

The characteristics of each reactor 
design will now be considered. The 
illustrations should be read liberally. 
Detail design of a particular reactor 
depends on the type of vessel in 
which it is to be used. For example, 
the control rods and the fuel rods of 
the heterogeneous reactors may well 
be more conveniently fitted on mu- 
tually perpendicular axes. Also, the 
use of concrete for shielding is shown 
on all the reactors. Steel, lead or a 
composite structure could be more 
suitable. The probability is that lead 
will, in general, be found to be the 
most suitable shielding material for 
marine use. 


PRESSURIZED WATER REACTOR 


The pressurized water reactor, as 
shown in Fig. 1, which is essentially 
as fitted in the USS Nautilus, has 
become the “pioneer” marine plant 
(7). 

The fuel rods of the reactor could 
be of enriched uranium or plutoni- 
um, probably clad for strength with 
a metal, which has low neutron ab- 
sorbing capacity, such as aluminum 
or zirconium. The control rods would 
be machined from a cadmium steel 
alloy or a boron steel alloy. 

Highly purified water under pres- 
sure forms both reactor coolant and 
moderator to make the reactor op- 
erate at “thermal” energy level. For 
best heat transfer conditions in the 
reactor, the primary water velocity 
is increased by restricted passage 
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Figure 1. Pressurized water reactor. 


cross-sections. By maintaining a high 
rate of flow through the primary cir- 
cuit, the temperature rise of the 
pressurized water is kept to a mini- 
mum. 

Heat is transferred from the pri- 
mary circuit to the secondary circuit 
in a tubular exchanger and the steam 
so formed is separated in the steam 
drum of the steam generator. Pre- 
sumably this could be arranged for 
either natural convection or forced 
convection, depending on the steam- 
ing rate required. 

One obvious disadvantage of this 
system is the impracticability of 
producing super-heated steam. As an 
example, assume the primary circuit 
water is pressurized to 1,000 p.s.i. 
abs., the maximum temperature in 
the primary circuit must be below 
the equivalent saturation tempera- 
ture (544° F.). Allowing say, 10° F. 
loss during transmission to the heat 
exchanger and a mean temperature 
difference between: the pressurized 
primary water and the evaporating 
secondary water in the heat ex- 
changer of, say, 60° F., then saturat- 
ed steam at 400 p.s.i. pressure will be 
produced. 

The United States A.E.C. reactor of 
this type will generate approximate- 
ly 300,000 kW. of heat which will be 
transferred to the heat exchanger by 
circulating water at 2,000 p.s.i. and 
525° F. Saturated steam at 600 p.s.i. 
pressure will be generated in the 
heat exchanger and passed to a steam 
turbine generator which will have an 
output of some 60,000 kW. It is ex- 
pected that this installation will be 
in operation late in 1957. 

An inherent advantage of this sys- 
tem is that the expansion of water 


with temperature rise allows an in- 
creased leakage of neutrons and, 
hence, a system which to some de- 
gree is self-stabilized. 

No claims are made that this type 
of reactor will produce economical 
power, but it is the type on which 
most experience is available, and, 
therefore, it could be claimed to be 
the most reliable. An improvement 
in neutron economy could be made 
by using heavy water instead of light 
water, and the thermal efficiency 
might be raised slightly by increas- 
ing the circulating water pressure. 
Pressure tightness of the system be- 
comes of increasingly greater impor- 
tance with either of these changes. 

The principal bogy remains in the 
form of the efficient utilization of 
saturated steam. 


BOILING WATER REACTOR 
Fig. 2 shows the boiling water 
reactor in which steam is generated 
by direct contact during water cir- 
culation through the core. The ar- 


shicle 
Figure 2. Boiling water reactor. 


rangement is thus a simplification of 
the pressurized water reactor in that 
one of the loops is eliminated. This, 
however, has two additional disad- 
vantages. First, during the boiling 
process of the water, which acts as 
moderator as well as working fluid, 
the variation in density allows a va- 
riation in leakage of neutrons, thus 
causing a fluctuation in power level 
of the reactor. Secondly, the steam 
passing off to the turbine will be ra- 
dioactive, thus producing an addi- 
tional shielding problem. It seems 
likely, therefore, that the boiling 
water reactor would be operated at 
a lower power level than the pres- 
surized water reactor. However, it is 
reported that the U.S. General Elec- 
tric Company has expressed a pref- 
erence for this design as a long-term 
possibility, and, indeed, experiments 
conducted at the National Reactor 
Testing Station in Idaho and at the 
Oak Ridge National Laboratory have 
confirmed that these reactors can 
give stable operation. 


HOMOGENEOUS REACTOR 


The homogeneous reactor shown 
in Fig. 3 was designed primarily to 
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Figure 3. Homogeneous reactor. 
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overcome the essential limitations of 
the heterogeneous reactor, of which 
the two previous reactors are ex- 
amples. These limitations are: 

(a) The separate core components 
of fuel, control rods, coolant and/or 
moderator in the limited area of in- 
tense heat, create a real heat transfer 
problem. 

(b) The core structure is subject 
to radiation damage. 

(c) The accumulation of fission 
products caused by the absorption of 
neutrons necessitates the periodic re- 
moval of fuel for reprocessing. This 
is a complex operation. 

As the name implies, the homoge- 
neous reactor operates on an intimate 
mixture of fuel and coolant/modera- 
tor in the form of a solution of ura- 
nium salt in ordinary water. The 
primary circuit, through which this 
solution is circulated under high 
pressure, consists basically of the 
spherical container which forms the 
core and a restricted passage to the 
heat exchanger. 

To summarize the characteristics 
of this homogeneous reactor, it could, 
therefore, be said that the nuclear 
stability or safety is purchased at the 
expense of providing a completely 
leakproof system for a highly radio- 
active and corrosive solution which 
is subject to a pressure of at least 
1,000 p.s.i. The description and re- 
sults of an experimental model of 
this type have now been published 
(8). It is interesting to note that al- 
though several leaks were experi- 
enced during the start-up phase, the 
plant finally operated for 12 months 
without any leakage being detected. 


SODIUM LOOP REACTOR 


Fig. 4 shows the variant in hetero- 
geneous reactor design using liquid 
sodium as a coolant. A version of this 
type of reactor is to be used on the 
second nuclear-powered submarine 
USS Sea Wolf. Sodium being a weak 
moderating material, a separate 
moderator will be required and this 
could be of graphite block construc- 
tion similar to the original piles at 
Harwell and elsewhere. For ship- 
board use, the quantity of moderat- 
ing medium required can be consid- 
erably reduced* by designing the 
reactor for operating at an energy 
level above the “thermal.” Sodium 
at atmospheric pressure has a boil- 
ing point of 1,600° F.; therefore, the 
upper reactor temperature is not 
controlled by system pressure and 
large temperature variations in cool- 
ant can be arranged. While this leads 
to design problems incurred in 
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thermal stressing, it also overcomes 
one of the main application problems 
by allowing the production of mod- 
erately superheated steam (say, 600 
p.s.i. and 800° F.). The higher level 
of reactor power output increases the 
degree of radioactivity in the sodium 
and this provides a more difficult 
shielding problem than is encoun- 
tered in a thermal reactor. Also, the 
preparation of a sodium-cooled re- 
actor for operation must include ar- 
rangements for external melting of 
the material prior to circulation in 
the system. In fact, an auxiliary oil- 
fired “boiler” will be required for this 


urpose. 

Probably the major engineering 
problem to be faced with this type of 
reactor is the pumping of a liquid 
metal at a temperature of about 
1,000° F. Any leakage would produce 
both a radioactive and a fire hazard. 
A typical specification for leakage 
tolerance is one cubic centimeter in 
10 years and to meet this demanding 
service two types of pumps have 
been developed. One is an electro- 
magnetic pump which eliminates the 
usual rotors and, consequently, the 
shaft glands. This type is reliable but 
its efficiency is low. The other type 
is a centrifugal pump using fluid 
bearings. This has a much higher ca- 
pacity, but is subject to the usual 
mechanical failures. A pump suitable 
for slightly less arduous duty is de- 
scribed in detail in reference 10. 

Details of suitable materials for a 
reactor of this type are given in ref- 
erence 11. 

GAS-COOLED REACTOR 

The gas-cooled reactor, as indi- 
cated in the recent White Paper, is 
Britain’s choice for development as 
a power reactor ashore. The arrange- 
ment of these land plants is presum- 
ably as envisaged in the recent 
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Figure 4. Sodium loop reactor. 


Institute Section paper (12). This 
provides for the reactor coolant gas 
to circulate a steam generator in 
much the same manner as existing 
types of waste-heat boilers, except, 
of course, that for the nuclear plant 
the gas would be in a closed circuit. 
The steam produced, again probably 
saturated, with its attendant compli- 
cations would be utilized in a turbo- 
generator set. 

The gas-cooled reactor shown in 
Fig. 5 is of the heterogeneous thermal 
type. The fuel could be slightly en- 
riched uranium, the rods of which 
are clad with zirconium, aluminum 
or stainless steel to minimize neu- 
tron absorption. There is also the 
possibility of using fuel in powdered 
form sealed in a metal container, 
thereby reducing fuel reprocessing 
costs. 

Preliminary designs and outlines 
of equipment have been prepared for 
a submarine installation (13) to 
compare the use of water, sodium, 
and helium as coolants in the nuclear 
power plant. The characteristics are 
summarized in Table II. 
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Figure 5. Gas-cooled reactor. 
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TaBLE II—Comparison of Water, 
Sodium and Helium as Coolants 


Reactor coolant Water | Sodium | Helium 
Shaft output. .| 0.90 1 1 
Overall plant weight.) 0.97 1 0.64 
Specific weight, 

lb. per s.h.p........ 1.08 1 0.64 
Space occupied, 

cu. ft. per s.h.p.....| 1.10 1 0.66 
Shield Weight ....... 0.77 1 0.51 


Of the five reactor types already 
discussed, the marine application of 
the gas-cooled reactor, as outlined in 
a later section, offers what the au- 
thor considers to be the most favor- 
able balance between first and oper- 
ating cost and simplicity and safety 
in operation. 


THE BREEDER REACTOR 


Although not likely to be used as 
a shipboard power producer, some 
mention of this type of reactor is jus- 
tified in that it seems likely that it 
will provide a definite link in the ap- 
plication of nuclear power to marine 
propulsion. This link could well be 
the production of fissile fuels, avail- 
able to the marine industry and 
others, at a price lower than that at 
which uranium ore could be mined, 
processed and marketed. 

Two reactions have proved of in- 
terest in the manufacture of fissile 
fuel. The first is that when the nat- 
ural uranium U.238 is subjected to a 
bombardment of neutrons, as occurs 
in the core of a reactor, the nucleus 
picks up an additional neutron and 
thus becomes a new element or iso- 
tope, U.239. This has a nucleus which 
is not stable and, therefore, it decays 
to plutonium 239. The second is a 


similar reaction commenting’ with” 


thorium 232 which captures an addi- 
tional neutron to become Th.233 and 
then decays to U.233. 

One of several groups of American 
power companies and machinery 
manufacturers, is now working on 
the design and development of a 
power plant using a breeder reactor. 
This represents what is probably one 
of the most advanced designs pro- 
posed and the reasons for its choice, 
despite the “pioneering” work re- 
quired, merit quotation (14). 

“Our reasons for selecting the 
breeder type of reactor were (a) our 
belief that a reactor which will pro- 
duce both heat and fuel holds the 
greatest possibility of commercial 
success, and (b) our belief that 
large-scale use of atomic energy for 
power generation can be achieved 
only by utilizing a large part of the 
total heat potential of uranium, 


rather than the 3% to 7% which 


seems to be the limit of most thermal 
reactors which use U.235 or plutoni- 
um as fuel. A breeder reactor theo- 
retically offers a possibility of using 
all of the heat potential of uranium, 
but from a practical standpoint it 
likely would succeed in utilizing only 
about 50%. At the same time it would 
produce more atomic fuel than it 
consumes.” 

The plant consists basically of the 
same design as shown in Fig. 4. 


NUCLEAR-POWERED CLOSED-CYCLE GAS 
TURBINE PLANT 


The heat energy in the gas from 
the reactor can be directly converted 
to mechanical work in a closed-cycle 

as turbine, and while the working 

uid could be either air, nitrogen, 
carbon-dioxide or helium, the latter 
is preferred. 

In this type of plant, only the re- 
actor requires shielding, allowing a 
far more flexible machinery ar- 
rangement and a considerable saving 
in weight. 

Helium has a better heat transfer 
characteristic than nitrogen, which is 
enhanced with increase in pressure. 
Thus, the heat transfer surface re- 
quired will be reduced compared 
with an air or nitrogen system, but 
the high specific heat of helium 
makes the design of turbo machin- 
ery more difficult. The number of 
stages required for the same temper- 


ature rise is roughly proportional to 
the specific heat (1.25 B.T.U. per lb. 
for helium compared with 0.24 B.T.U. 
per lb. for air). However, the cycle 
analysis which follows will show that 
the compressor temperature ratio re- 
quired for maximum cycle efficiency 
decreases with increasing recupera- 
tor effectiveness, and this fact is 
made use of in the design of closed- 
cycle helium plant by trading static 
heat transfer surface for stages of 
turbo machinery. The inert helium 
also removes the problem of chem- 
ical attack on the power plant com- 
ponents. 

Several excellent articles and pa- 
pers (15, 16, 17 and 18) discuss the 
merits of the closed-cycle air turbine 
and a large amount of the subject- 
matter applies to the helium turbine. 

Fig. 6 is a diagrammatic repre- 
sentation of the suggested plant. Ex- 
pansion is in two stages to isolate 
the power turbine from the compres- 
sor drive. Reversing can be accom- 
plished by a reversible pitched 
propeller (19). 


CONTROL SYSTEM 


The power output of this plant 
varies with the system pressure. This 
pressure level control is effected by 
addition or withdrawal of working 
fluid from the circuit, and emergen- 
cy speed control of the power turbine 


is effected by by-passing. 


H.P. Transfer 
Compressor 


Compressor 
By-Pass Valve 


Load 
T TE Cc Cc 
Power Turbine Intercooler 
By-Pass Valve‘ 
Precooler 
* Xenon 
Recuperator Trap 


Figure 6. Closed-cycle gas-turbine plant. 
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Helium that is not being circulated 

in the plant is stored in accumulators 
for subsequent use, making this a 
no-loss system. The accumulator 
system consists of two (or two 
groups of) storage bottles, one being 
the receiver and the other the ac- 
cumulator interconnected by a trans- 
fer pump. In this system, the total 
amount of helium in the power plant 
and tanks is constant at all times. 
Any leakage loss is made good by 
addition of helium to the receiver 
from time to time as required. 

An overspeed governor is provid- 
ed on both the high-pressure com- 
pressor-turbine set and the power 
turbine. The governor on the com- 
pressor-turbine set is a top-speed 
governor only, tripping a compressor 
by-pass valve when this set exceeds 
a predetermined speed limit. The 
governor on the power turbine is 
designed to come into play only in 
the event of an emergency the oc- 
curence of which makes it necessary 
to shut down the plant. In action, the 
power-turbine governor opens the 
power-turbine by-pass valve, imme- 
diately reducing the helium flow 
through the power turbine. Since 
this reduces the back pressure on the 
compressor drive turbine, it tends to 
overspeed, thus actuating the com- 
pressor by-pass valve. Further, the 
power turbine overspeed governor 
trips the system pressure regulator, 
resulting in the discharge of the con- 
tents of the system to the receiver. 
Simultaneously, the control rods are 
dropped into the reactor, reducing 
the heat input to the system. 

When the power plant load is 
eliminated and the reactor activity 
level reduced, a means must be pro- 
vided to cool the reactor for a period 
after shut-down. During both the 
normal procedure of shutting off the 
plant and the emergency condition 
previously discussed, the compres- 
sor/turbine set will circulate helium 
through the reactor until the mini- 
mum self-running speed is reached. 
At that time, a secondary, motor 
driven circulating compressor with 
the auxiliary cooling loop is ener- 
gized, circulating helium through the 
reactor until activity is reduced to a 
point resulting in a safe temperature 
level. 


XENON REMOVAL 
The helium used in this plant is 
available commercially at a purity of 
99.99%. Impurities consist of argon, 
carbon dioxide and nitrogen, none of 
which is in sufficient quantity to be 
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of concern. There is, however, the 
possibility of contamination of the 
system by gaseous fission products 
escaping from the reactor fuel ele- 
ments. The principal volatile radio- 
active impurity of the fission process 
is xenon, and it is desirable that this 
be removed to prevent even a small 
build-up of radioactivity of the 
working fluid. 

The xenon can be effectively re- 
moved to any degree desired by 
solidification in a cold trap. 

A typical arrangement of this type 
of trap is shown in Fig. 7. 


"tion containing 


Figure 7. Xenon trap. 


CHOICE OF CYCLE DETAILS 

In order for any closed-cycle nu- 
clear power plant to be attractive 
economically, it must be a high- 
temperature machine, ie., it must 
operate at cycle temperatures in ex- 
cess of 1,200° F. All experience to 
date with closed-cycle power plants 
has been at a cycle temperature of 
1,250° to 1,300° F., as dictated by the 
limiting tube wall temperature in a 
fired air heater. In a nuclear plant 
this restriction is removed and the 
turbine inlet temperature is only 
limited, within reason, by reactor 
outlet temperature. However, a plant 
of conservative design would limit 
such temperature to 1,500° F. In es- 
tablishing a cycle for the helium 
plant, the values of 1,300°, 1,350° and 
1,400° F. cycle temperature were as- 
sessed against a 1,300° F. cycle tem- 
perature with 100° and 200° F. re- 
heat. 

A comparison of .cycle efficiencies 
on the basis of pressure ratio is 
shown in Fig. 8. 

Appreciable gains in efficiency in a 
closed-cycle power plant are effected 
by a moderate intercooling. The 
value of single versus two-stage in- 
tercooling was assessed and plotted 
in Fig. 9. 

To assume a value of 7% for the 
overall pressure loss in the cycle may 
be regarded as optimistic. It is be- 
lieved that this value can be attained 
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Figure 8. (Left) Comparison of re- 
heat and non-reheat cycles. 


Figure 9. (Right) Comparison of sin- 
gle and two-stage intercooling. 


with careful design and without ex- 
cessively large heat transfer surface. 
Referring to an air cycle plant, this 
is the equivalent of a total overall 
pressure loss of 11% assigning 5.5% 
total pressure loss to the reactor, 
which would be the equivalent pres- 
sure loss in a fired heater. 

The assumption of a sea tempera- 
ture of 75° F. will certainly be on the 
high side for the majority of steam- 
ing time and, when this is so, an im- 
provement in cycle efficiency can be 
expected. 

The effect produced on work rate 
and cycle efficiency with variation of 
overall pressure loss and sea-water 
temperature is plotted in Fig. 11. 


Emcropy 


Figure 10. Proposed. cycle for helium 
plant. 


ECONOMIC ASPECTS OF THE USE OF 
NUCLEAR FUEL 
A power of 15,000 s.h.p. has been 
mentioned earlier as a minimum to 
fully exploit the advantages of the 
use of nuclear fuel. Crever and 
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Figure 11. Correction for off-design 
conditions. 


Trocki (13) make two significant 
comments on this consideration: (a) 
“As the amount of shielding is prac- 
tically independent of power output, 
a nuclear power plant of low power 
will be penalized excessively with 
respect to its power output.” (b) 
“Power plants for propulsion of 
larger ocean going vessels (of the 
order of 10,000 h.p. and above) are 
of sufficiently large power output to 
fall within the favorable range for a 
nuclear power plant of current de- 
sign.” 

To illustrate the finance involved 
in powering a vessel today, estimates 
of propulsion machinery, derived 
from the costs for five ships are given 
in Fig. 12. 


\ 


Figure 12. Graph of cost estimates for 
steam turbine machinery. 


HIGH-POWERED CARGO SHIP 

An economic analysis has been 
made of the application of nuclear 
power to the “Mariner” class ships 
(20). These cargo vessels have a dis- 
placement of 21,000 tons and develop 
17,500 s.h.p. to give a cruising speed 
of 20 knots. The maximum output is 
19,250 s.h.p. and is, therefore, within 
the range considered feasible for nu- 
clear powering. The design and op- 
eration of these ships is described in 
references 21 and 22 respectively. 


The design study made in consid- 
ering the use of nuclear power in a 
vessel of this class has not been pub- 
lished. It is presumed that a sodium 
loop reactor would be used to pro- 
bs steam of sufficiently high super- 

eat. 

The conclusion reached from the 
economic analysis of a nuclear-pow- 
ered “Mariner” was that it could not 
compete with the conventional pow- 
er plants at present, but that the 
advance in reactor technology would 
improve the competitive position of 
this new power source. 


BULK CARGO CARRIERS 


A survey of the most desirable 
conditions under which to operate a 
nuclear-powered vessel gives a good 
indication of the type of vessel most 
likely to benefit from its adoption. As 
a first requirement, a high-powered 
installation running on a long haul 
fully exploits the saving in oil fuel. 
Intermittent operation of a nuclear 
reactor is a wasteful procedure, as, 
at reduced loads, it is probable that 
arrangements must be made to 
“dump” the temporarily unused heat. 
Even on shutdowns, the reactor out- 
put can only be gradually reduced 
to prevent overheating. Thus, in both 
cases, a waste of valuable fissile fuel 
can occur. To minimize this loss, 
berthing and cargo handling time 
must be reduced. Another consider- 
ation is the special terminal facilities 
necesary to handle radioactive ma- 
terial. A shuttle service with fixed 
terminal ports would thus be desir- 
able. Bulk cargoes such as ore, grain 
or oil are therefore indicated and the 
latter appears to be preferred, par- 
ticularly as the offshore loading and 
discharge of oil cargoes is now an 
accomplished fact. This is an addi- 
tional advantage both in reducing 
maneuvering time and in providing a 


Shaft horse-power (thousands) 
3s = 


safety measure by isolation. The 
choice of an oil tanker is not a para- 
dox as it is inconceivable that the use 
of nuclear energy will reduce the de- 
mand for oil within a period of time 
equivalent to the combined lives of 
several ships. 

An excellent review of modern 
tanker and ore carrier design prac- 
tice is given in references 24 and 25. 
The specific vessel selected as suit- 
able for analysis in this paper is de- 
scribed in references 26 and 27. 

The deadweight capacity loaded is 
30,000 tons and the model test speed- 
power-curve is reproduced in Fig. 13. 

A comparison will be made be- 
tween this ship and an equal-sized 
vessel powered by a helium cooled 
reactor and a closed-cycle gas tur- 
bine. 

For the purpose of this analysis, a 
typical voyage from a North Euro- 
pean port to either the Burma or 
Borneo oilfields will be considered, a 
steaming distance of, say, 10,000 nau- 
tical miles each way. 

The fuel consumption for the whole 
voyage is estimated at 4,350 tons and 
the time 48 days. The “steaming cost” 
would be:—Fixed charges, 11%, 
£1,450 and oil at £7 per ton, £30,450, 
a total of £31,900. 

In calculating the fissile fuel con- 
sumption of the nuclear plant, the 
heating value of 1 gram of U.235 is 
taken as 65.5 & 10° B.T.U. or equiva- 
lent to 25,750 horse-power hours. 

The cycle developed in the fore- 
going section will be used and the 
cycle efficiency of 42.4% should not 
vary appreciably over the whole 
range of powers, this being a char- 
acteristic of the closed-cycle plant. 

The estimated U.235 “burn-up” 
during the voyage is 1,954 grams 
(16,500 s.h.p.). This is the weight of 
fuel which is actually destroyed in 
producing the power for the voyage, 


Figure 13. Speed/power curves, loaded and ballast condition. 
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NUCLEAR POWER FOR SHIPS 


but it only represents a fraction of 
the total fuel with which the reactor 
must be charged. A reasonable “burn 
up” percentage for the fuel for the 
heterogeneous gas-cooled reactor 
would be 25%. Following this burn- 
up the fuel elements would require 
chemical processing. The capital out- 
lay for the plant, therefore, must in- 
clude the cost of some 5,862 grams of 
U.235 carried as dormant fuel per 
voyage. 

A detailed estimate of the first cost 
of the gas-cooled reactor is outside 
the scope of this paper, but, using the 
limited information available, a fig- 
ure of £1 million, or 10 times the 
equivalent steam plant, agrees with 
majority opinion. 

If the price of U.235 is £X per gram 
and using the same fixed charges on 
investment the “steaming cost” for 
the voyage then becomes £14,480 + 
2,039X. To break even with the 
equivalent orthodox steam plant X 
must equal £8 10s. per gram. 

At the international conference on 
the peaceful uses of atomic energy 
held in Geneva in August, 1955, the 
price of uranium was quoted at $25.00 
per gram of U.235. It was not stated 
whether or not this figure included 
an allowance for fuel element fabri- 
cation. Even allowing for some error 
in this figure, then it would appear 
that a balance in “steaming costs” for 
the two plants could nearly be made. 

The bunker fuel capacity of this 
30,000-ton d.w. tanker is 4,500 tons 
and would be filled at the port of 
loading. Using a nuclear-powered 
plant would increase the machinery 
weight by some 500 tons, giving a net 
increase in cargo capacity of 4,000 
tons, 


ALTERNATIVE PROPOSALS FOR TANKERS 


To compare propulsion plants, 
Shoupp and Witzke (29) selected a 
tanker of 20,000 normal s.h.p. with a 
service speed of 18 knots. This ship 
would have a cargo capacity of 35,000 
tons and make eight voyages of 17,- 
000 miles per year, giving an annual 
total for cargo handled of 280,000 
tons. Using a specific fuel consump- 
tion of 0.523 Ib. per s.h.p.-hr. for all 
purposes, this gives an annual fuel 
consumption of 232,000 bbls., which 
at $2.00 per barrel would cost $1.65 
per ton of cargo carried. Additional 
ship operating costs, including capi- 
tal charges, overheads, port dues, 
maintenance and supplies, wages 
and subsistence, bring the total ship 
Operating cost to $7.15 per ton of 
cargo. 
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Details of the type of nuclear reac- 
tor proposed for this ship were not 
available at the time of writing, but 
mention is made in the paper of the 
use of steam as the thermo-dynamic 
fluid. To compare the two types of 
power source in detail: 

For equal costs: 

(a) With zero nuclear fuel cost, 
the maximum permissible price for 
the reactor plant would be $4,800,000. 

(b) Assuming zero investment in 
the plant, the nuclear fuel price can- 
not exceed $27.80 per gram. 

This paper agrees that a saving 
will be made in the combined weight 
of plant and fuel and suggests that 
every 1,000 tons of additional cargo 
capacity can pay for an additional 
plant investment of $500,000. 

Another proposal is made by the 
Engineering Research Institute of the 
University of Michigan. This is in- 
cluded in a recently completed feas- 
ibility and preliminary design study 
for a nuclear power plant suitable 
for a large ocean-going tanker (30). 

The conclusion drawn from this 
study is that safe operation can be 
expected, but that there will be no 


saving in operational cost compared 
with an oil-fired installation. This 
latter factor was rather to be expect- 
ed since the original specification for 
this project called for a tried type of 
reactor. This, of course, considerably 
reduced the field of choice. A pres- 
surized water reactor was selected 
and one of its inherent advantages 
is illustrated in Fig. 14, which shows 
the convenient arrangement of pro- 
viding a transparent shield by flood- 
ing the access hatch above the 


reactor. 


CONCLUSION 


Following a study of the informa- 
tion now available on the various 
types of nuclear teactors and power 
plants, the author selected the he- 
lium-cooled reactor with a closed- 
cycle gas turbine power plant as the 
most attractive for commercial ma- 
rine use. The economic comparison 
shows that this plant can compete 
with the oil-fired steam turbine 
plant for high-powered ships once 
the design values used in the paper 
have been verified in practice and the 
first cost of the plant proven to be 
of the order suggested. 


reo 
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Figure 14. Dockside handling arrangement for radioactive material. 


1.—Manipulators. 2.—Reactor cover and control rods. 3—Dockside crane. 4.—Cat- 
walk. 5.—Shield hatch. 6—Cask. 7—Watertight deck. 8—Shield. 9—Core. 10.— 
Pressure vessel. 11—Reactor supports. 12.—Reactor foundation. 
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materials capable of serv- 
ice at elevated temperatures—have several actual 
and potential applications in nuclear energy service. 
In particular, such materials are of interest in reac- 
tors intended for high temperature operations. They 
also have potential application because of their nu- 
clear properties and corrosion resistance. 

Physical research is carried out on ceramic ma- 
terials under the sponsorship of the Atomic Energy 
Commission at a number of research institutions and 
it is the purpose of this paper to review some recent 
developments in this field. 


FUEL ELEMENTS 
The bulk of the recent research and development 
efforts on ceramics and ceramic metal combinations 
(cermets) has been in the fuel element field because 
of the relative stability of ceramics at elevated tem- 
peratures and their resistance to corrosion in certain 
environments. 


Uranium Oxide 


Many of the compounds of uranium are of interest 
for reactor use because of their higher service tem- 
peratures compared with the metal. In particular, the 
dioxide of uranium has received considerable atten- 
tion because of its refractory nature and resistance to 
aqueous corrosion. Data on the uranium oxides are 
shown diagramatically in Fig. 1. 


Differential Thermal Analysis 


DTA-weight gain measurements in the tempera- 
ture range, 20° C. to 1000° C., have been used at the 
Oak Ridge National Laboratory as a method for rap- 
idly indicating the oxygen contents and the reactivi- 
ties of UO. powders prepared by various techniques. 
Figures 2 and 3 show some DTA weight-loss data for 
selected UO, powders. The DTA and weight-change 


curves indicate two oxidation steps UO. > U;0;—> 
U,O,. Both steps are exothermic. The initial oxides 
studied vary from UO:..; to UO.,;, and in general 
the intermediate oxides vary from UO,.;,; to ss. 
These oxygen ratios were calculated on the basis that 
the uranium oxide was U,O, at the maximum weight 
shown on the curves. In all cases a small weight loss, 
0.0001 to 0.001 gram per gram of UO2, was observed 
between 50° C. and 150° C. This loss in weight is 
probably due to absorbed water. The effects of par- 
ticle size and degree of crystallinity of UO, powders 
on their reactivity and the final density of bulk UO, 
shapes made from them are being studied by this 
technique. It is observed that UO, prepared by meth- 
ods yielding very small crystals react at lower tem- 
peratures whereas the oxides having large crystal- 
lites or small surface areas react more slowly at 
higher temperatures. By proper selection of starting 
materials, UO. in bulk form has been prepared by 
isostatic pressing and sintering at 1750° C., resulting 
in bodies having 96 per cent theoretical density. 
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Figure 1. Data on uranium oxide, 
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Figure 2. Ammonium Diuranate PPT. UO. D.T.A. and 
weight change from UO: to U;0O.. 


Thorium Oxide 


Thorium oxide of potential interest as a breeder 
material is required in the form of shapes having 
maximum density. It has been found at ORNL (1) * 
that the addition of 0.5 wt. per cent CaO will produce 
bulk ThO, shapes having densities of 96 per cent of 
theoretical compared with 86 per cent for those 
made using ThO, without additions under the same 
firing conditions, that is, 1700° C. for 1 hr. A study of 
the effect of the addition of CaO indicates that the 
calcium is taken into solid solution in the ThO., pro- 
ducing anion vacancies. The diffusion of Tht +++, 
O-~ and Ca++ is accelerated as a result of the va- 
cancies and more rapid sintering occurs. The Ca++ 
ion has about the same ionic radius as Tht++7+, 
about 1 A, so that solid solution is expected. A low- 
ering of the index of refraction is noted as CaO is 
added to the ThO, up to 20 mol per cent. Chemical 
analyses show the CaO to be present after sintering, 
yet there is almost no measurable change in the unit 
cell dimensions of the ThO,. The effect of CaO upon 
sintering is noted beginning at 1100° C. and is pro- 
nounced at 1600° C. There is no liquid phase in the 
ThO.-CaO system below 2300° C. so that this is a 
solid state reaction. An investigation of the sintering 
rates indicates that surface diffusion is primarily re- 
sponsible for the rapid densification of the ThO.-CaO 
compacts. The mobility of Ca++ on the surface of 
ThO, at high temperatures is high and almost imme- 
diately the pores in the pressed compacts are filled to 
the closed pore state. Volume diffusion of the Ca++ 
and the Th++++ and O-—— through the defect 
structure is much less rapid than migration over the 
surface but is sufficiently rapid to maintain increased 
sintering rates in the closed pore state. 

Cermets 

Ceramic metal combinations offer interesting pos- 
sibilities for use in fuel element fabrication and for 
structural components of nuclear reactors. Two cer- 


*Numbers in parentheses refer to the references appended to this 
Paper. 


mets of possible interest for reactor applications 
which have received recent attention are Cr-Al,O; 
and SiC-Si. Work at the Ohio State Engineering Ex- 
periment Station (2) shows that consistently pore 
free bodies of moderate shrinkage can be fabricated 
from the compositions 72 per cent chromium-28 per 
cent alumina to give bodies having a density of 5.9. 
High temperature strength properties may be ade- 
quate for applications at 800° F. and above. Oxida- 
tion of this material is negligible at temperatures be- 
low 2000° F. The sustained load carrying ability 
shown by stress rupture behavior indicates that de- 
terioration as a function of time is not extensive be- 
low 2000° F. Thermal shock resistance for this ma- 
terial is reported to be good. Siliconized silicon 
carbide may be pre by the impregnation of a 
porous graphite body with molten silicon. The therm- 
al nuetron absorption cross section of this material 
is about 0.1 barn. Studies at ORNL (3) resulted in 
the production of non-porous bodies of this material. 
The final density of this SiC-Si is 3.1; tensile strength 
at room temperature is about 10,000 psi., and thermal 
conductivity is better than that of stainless steel. 

Silicon carbide bodies using SiN as the bonding 
agent and reported to have less than 10 per cent po- 
rosity have been developed. Self bonded silicon car- 
bide density 96 per cent of theoretical has also been 
produced (4). 

MODERATORS 

High Density Graphite 

The efficiency of graphite as a moderator is rough- 
ly proportional to the density of the material. Com- 
mercial forms of graphite having densities ranging 
from 1.85-1.92 are produced by multiple impregna- 
tions of graphite with pitch. The average value for 
transverse breaking strength of 1.92 density material 
at room temperatures is 4500 psi.; modulus of elas- 
ticity 2.5 10° psi.; thermal expansion at 200° F. is 
reported as 1.1 x 107 per deg. F.; thermal conduct- 
ivity in Btu per hr. per sq. ft. per deg. F. per in, is 
1200. The high density material has very good ero- 
sion resistance in high velocity gases compared with 
that of commercial graphite. 
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CONTROL ROD MATERIALS 

The rare earth oxides are materials of interest for 
reactor controls because of their relatively high ab- 
sorption cross sections for thermal neutrons. In a 
study conducted by ORNL (5), Sm.O, was found to 
form a ceramic of medium strength and density when 
fired in dry pressed form at 1300° C. Fired at 1500° 
C. the density is increased to 7.4 and the ceramic 
loses its stability to boiling water. Gd.O, forms a 
ceramic of somewhat higher density (7.0) at 1300° C. 
than does Sm.O,. At 1500° C. its density is slightly 
higher (7.6) while its stability in boiling water is 
unchanged. Both Sm,O, and Gd.O, form compounds 
with Al.O,, BaO, Fe.O,, SiO. and SrO. The alumina 
and iron compounds have the perovskite structure 
previously observed in the case of yttria-alumina. 

Hafnium oxide is also of potential interest as a re- 
actor control material and investigation of this ma- 
terial at ORNL (6), indicated that halfnium oxide 
closely resembles ZrO.. HfO. forms a continuous 
series of solid solutions with ZrO. and it forms a 
single compound with silica, HfO. .SiO., similar to 
zircon. Monoclinic HfO, is stable to 1700° C.; the 
tetragonal form is found above this temperature. 
Boron carbide of compositions B,C and B,C have 
been produced in bulk form and also offer promise 
for control or shielding applications. 


COATINGS 

Ceramic coatings developed for service at 1000° C. 
have been prepared by the National Bureau of 
Standards (7) from materials having low absorption 
cross sections for thermal neutrons. They were spe- 
cifically designed for application to typical high tem- 
perature alloy parts for use in nuclear reactors. In 
these coatings, high-barium frits containing small 
amounts of phosphates, beryllia, lime, zinc oxide and 
titania are milled with additions of ceria or mixtures 
of chromic oxide and ceria. The computed neutron 
absorption cross sections are in the range of 0.15 to 
0.50 barn. In extended heating tests some corrosion 
was noted beneath the coatings but the amount and 
depth were markedly reduced over uncoated speci- 
mens. The best coatings withstood the thermal shock 
encountered when quenched from 2000° F. in water 
at room temperature. 


CORROSION 


High temperature corrosion studies were con- 
ducted on refractory materials in liquid sodium, bis- 
muth and tin (8). Ceramic materials exhibiting good 
resistance to corrosion by sodium liquid-vapor were 
reported as follows: Synthetic sapphire, single-crys- 
tal magnesia, molybdenum disilicide and sintered 
thoria. The following ceramic materials show a good 
resistance to liquid bismuth: graphite (to 1400° F.), 
sintered magnesia, sintered alumina, sintered zir- 
conia, molybdenum disilicide, tantalum carbide, 
“Vycor” and “Kennametal” (K138A). The following 
ceramics showed good corrosion resistance to molten 
tin: graphite (to 1500° F.), “Vycor,” chromium car- 
bide (to 1500° F.) and sintered alumina. 
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RADIATION EFFECTS 

Stability of ceramic materials under irradiation is 
of fundamental importance in nuclear reactor appli- 
cations. A comprehensive survey of the radiation 
stability of ceramic materials is being carried out by 
ORNL. Data have been collected on a number of 
ceramics which were subjected to irradiations of 
1 < 10° and 2 x 10° nvt, respectively. The thermal 
conductivity at about 40° C. has been measured by 
Sisman, Bopp and Towns (9) on the irradiated 
ceramic specimens. These data are shown in Table I. 
X-ray diffraction indicated disordering in some crys- 
talline materials. In some cases decreases in thermal 
conductivity were found where no changes were de- 
tected in X-ray difraction patterns. Zircon irradiated 
2 X 10° neutrons per sq. cm. gave very low and 
poorly reproducible thermal conductivity before a 
thin surface was removed by scraping. For many of 
the materials there was not much additional change 
in thermal conductivity with the longer exposure 
(2 < 10° neutrons per sq. cm.). It was suggested 
that possibly the change is approaching saturation. 
X-ray diffraction patterns of the irradiated speci- 
mens were made by Klein (10) and qualitatively 
compared to the patterns of the corresponding sam- 
ples before irradiation and the results are shown in 
Table II. It should be noted that the method of X-ray 
analyses for polycrystalline samples with a high ac- 
tivity count is not so sensitive in detecting weak 
X-ray reflections as the method used for small single 
crystals of the same materials. Consequently, where 
the method used in this study would indicate the 
absence of detectable diffraction lines in certain 
cases, the single crystal analysis might still indicate 
a few reflections remaining in the film pattern after 
a comparatively long exposure time. 


TaBLE I.—Thermal Conductivities’ of Irradiated 
Ceramics? 


Thermal Conductivity (10-4 ° 


Postirradiation* 


Material Preirradiation nvt=1 X< 10” nvot=2 10” 
Silica glass 35 35 
Single-crystal Al.O; >300 >300 
Hot-pressed Al.O; >300 >300 
BeO >300 >300 
TiO. 200 120 110 
Spinel >170 100 100 
Forsterite No. 243 180 43 43 
Cordierite No. 202 17 23 21 
HfO. 80 30 30 
Steatite No. 228 60 28 28 
Mica 21 14 13 
ZrO, No. 550 33 25 
Zircon No. 475 120 21 
Zircon No. 71 49 28 
Plate glass 30 30 30 
Pyrex glass 36 30 20 
Lead glass 16 10 10 


“In the temperature range from 35 to 45° C. 

>C. D. Bopp, O. Stsman and R. L. Towns, “Solid State Semiann. Prog. 
Rep. Aug. 30, 1954,” ORNL-1672, p. 90. 
Exposures are given in epithermal neutrons. 
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Sample 


Single-crystal Al.O; 
Hot-pressed Al.O; 
Spinel 

Forsterite 

Porcelain 

Steatite 

TiO: 

Silica glass 

Plate glass 

Pyrex glass 


Lead glass* 


Mica 

Enamel ground coat 
ZrO: 

Hf-free ZrO. 


Zircon 
siC 

BeO 

Lava 
Cordierite 
MgO 
BaTiO; 


TasBLe IJ.—X- 


Results When 
Irradiated with 
10” neutrons/cm* 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
Halo broadening 
Halo broadening 
Halo broadening 


Lead plus other 
devitrification 
products 

Line broadening; 1.3% 
expansion in Co 

Loss in crystallinity 


No change in pattern 


Diminution in 
monoclinic phase 


1.9% expansion; large 
loss in crystallinity 

Line broadening; 0.3% 
expansion 

Very slight expansion 
in Co 

Loss in crystallinity 

No change in pattern 

No change in pattern 


2.03% expansion in a 


Ray Examination of Ceramic Samples 


Activity 
(at 1 cm) 


15 mr/hr 


6 


mr/hr 


15 mr/hr 


15 
40 
80 
170 
2 
10 
10 


500 


mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 


mr/hr 


mr/hr 
r/hr 
r/hr 


mr/hr 


r/hr 

mr/hr 
mr/hr 
mr/hr 
mr/hr 


mr/hr 


mr/hr 


Results When 
Irradiated with 
10” neutrons/cm? 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
No change in pattern 
Halo broadening 
Halo broadening 
Diminution in halo 
intensity; broadening 
Lead plus other 
devitrification 
products 
Line broadening: 1.77 
expansion in co 
Loss in crystallinity 


0.28% expansion in a 
Monoclinic phase 


disappears; cubic 
phase remains 


No lines detectable; large 


loss in crystallinity 
Expansion and loss in 
crystallinity 
Approximately 0.3% 
expansion in Co; 
none in a 
No lines detectable 
Line broadening 
MgO + 
MgCoO,3H:O 
2.87% expansion in a; 


Activity 
(at 1 cm) 


15 mr/hr 


10 


11 
7 


mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 
mr/hr 


mr/hr 


mr/hr 


r/hr 
r/hr (gamma) 


10.4 r/hr 


600 mr/hr (gamma) 


1.2 r/hr 


6.8 r/hr 


10 
25 


mr/hr 
mr/hr 
mr/hr 
mr/hr 


mr/hr 


mr/hr 


*Confirmed by petrographic analysis. 


Under irradiation, quartz alters gradually to an 
amorphous form. Some of the property changes re- 
ported by Wittels, Oak Ridge National Laboratory 
(11), and Primak, et al., of Argonne National Labo- 
ratory (12), are decreases in density, refractive in- 
dices, and birefringence, disappearance of the alpha 
to beta transition and changes in the absorption spec- 
trum, The proverties of vitreous silica also alter 
under irradiation. The density and refractive indices 
increase slightly. On heating the irradiated quartz 
and other forms of silica, the properties are reported 
to alter in a complex manner. 


OTHER APPLICATIONS OF CERAMICS 
IN NUCLEAR ENERGY 

Present methods of disposing of radioactive wastes 
are safe for limited quantities but in many cases, ex- 
tremely expensive. Work is being done on the appli- 
cation of cheaper methods of handling such wastes 
(13). One possibility which has received serious 
study at the Brookhaven National Laboratory is a 
method of adsorbing the wastes on clay pellets. The 
pellets are then glazed in a furnace so that the prod- 
ucts cannot seep out and it is proposed that these pel- 
lets can be safely buried. Various clays and other 
minerals have been found under certain conditions of 
pH and temperature to have a great affinity for radio- 


reflections broadened 


active wastes. Table III shows the result obtained in 
jar tests on the removal of radioactive materials by 
various clays and vermiculite as reported by Brock- 
ett and Placak (14). They point out that base- 
exchange ratings do not indicate the efficiency of 
clays or soils for removing radioactive materials from 
solution and further conclude that although certain 
removals are obtained with one chemical form of 
radioisotope it does not necessarily follow that the 
same results will be obtained with other chemical 
forms of the isotope. 

At ORNL studies are being carried out on the pos- 
sibility of incorporating radioactive liquid wastes in 
a ceramic body in pits and fixing the dangerous iso- 
tope by sintering the mass in place using the heat 
available from radioactive decay. 

Contributions in the field of glass technology in- 
clude the development of windows which do not 
darken under radioactive bombardment. Such win- 
dows are necessary in order to see into the ray filled 
interiors of hot labs. These windows are so heavy that 
one measuring 6 < 8 ft. weighs about 12 tons (15). 
Another interesting development in the glass indus- 
try has been the manufacture of radiation dosimeters 
which are pieces of silver activated phosphate glass 
that indicate by darkening the amount of radiation to 
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TaBLE III.—Removal of Radioactive Materials by 
Various Clays. 
(Brockett and Placak) 
(Jar Stirring Method with 1 Gram of Clay) 


of Clay 
ocality 


ed 

1, 
Mesa, Alta, N. Mex. 

2: Halloysite 
Eureka, Utah 

3. Montmorillonite 
Little Rock, Ark. 
Montmorillonite 
Cameron, Ariz. 


Metabentonite 

Tazewell, Va. 
Metabentonite 

High Bridge, Ky. 
Conasauga Shale 

Oak Ridge, Tenn. 
Vermiculite (nonexpanded) 
Sylva, 


Per Cent Removals after 2-hr Contact 


pss Ru Zr* MFP* 


Ces 
3.9X10-? 3.5x10-? 48X10? 1110-7 41X10? 41X10? 


uc/ml 


51.58 69.39 30.40 46.25 98.08 70.87 


uc/ml uc/ml uc/ml uc/ml uc/ml uc/ml 


7290 7795 2615 6163 98.32. 89.77 
88.27 6440 63.03 7450 9718 94.70 
5289 57.44 71.35 91.05 
60.77 2926 7149 92.25 

6828 5361 1610 5346 83.59 
80.05 68.08 41.75 97.13 
7267 7169 14.15 96.63 


60.15 68.69 26.77 65.53 93.87 


*Mixed fission products ~16% Ce", ~20% trivalent rare earths, ~2% Ru™, ~20% Sr”, ~21% Cs, ~21% unknown. 


which they have been exposed. They are finding use 
in studies made in the food sterilization field. 

Glass and glass-metal pipes and valves may be of 
interest in future handling of radioactive process so- 
lutions. Tests at ORNL indicate no gross damage to 
commercial glass-piping and glass-metal specimens 
in such solutions having an activity level of 10° counts 
per min. 

This short summary has covered some of the high- 
lights in the developments in ceramics for nuclear 
energy service and it is hoped that it will serve to 
give an indication of the applications of ceramics in 
nuclear energy service. 
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COMMANDER ROBERT J. KNOX, U.S. Navy 


TWENTIETH CENTURY “CLERMONTS” 
FIRST CRUISE 


graduated from the U. S. Naval Academy December 19, 1941. He served as 
Engineer Officer of the USS MacLeish (DD220) and the USS Hunt (DD674); 
in the latter he also served as Executive Officer. In June 1948 he received his 
Master’s degree in Mechanical Engineering from the U. S. Naval Postgraduate 
School, and began working with the USS Timmerman experimental machinery 
at the U. S. Naval Boiler and Turbine Laboratory, then the Supervisor of Ship- 
building, Bath, Maine and finally as Engineer Officer of the USS Timmerman. 
In July 1954, after three months as a ship superintendent, he became the De- 
stroyer Type desk in the Boston Naval Shipyard, and in May 1955 he became 


the Shop Superintendent. Commander Knox has contributed previous articles 


to the JouRNAL. 


INTRODUCTION 


be FepruaryY 1954 an article entitled “Twentieth 
Century Clermont” was published in the JourNAL of 
the American Society of Naval Engineers. The at- 
tached article is written so as to present some of the 
earlier sea experiences of that same ship, USS Tim- 
merman (EAG152). 

One must understand certain basic research and 
development principles to understand Timmerman. 
She is an experimental engineering destroyer which 
was designed to be a floating laboratory. All designs 
of her machinery were intentionally made so close 
in every respect that the designers could anticipate 
a failure in one or more parts. These failures in turn 
would point out where they had cut a little too close 
in their attempt to go “off into the blue.” The evalua- 
tion of the engineering equipments, therefore, is a cut 
and try method similar to any research problem. One 
must have patience. 

I write of Timmerman as of July 1953. In those days 
Timmerman was known as EDD-828; she is now 
EAG-152. At that time she had all her guns and was 
regarded as a regular fleet 2200-ton destroyer, and to 
all outside observers she appeared to be almost iden- 
tical to any other fleet destroyer. She has since had 
her guns removed. Duty on board at that time, and in 
many ways even today, was a tedious, demanding 
job and, at times, became very discouraging. There 
were other times, however, when it was the biggest 
thrill in the world. 


Although it has been two years since I left the 
ship, I look back with pride to the engineering crew. 
As you read the article I want you to particularly 
note the short time intervals, during the various cas- 
ualties that have been listed, to see the superb per- 
formance that was exhibited by the individual man 
on the job at the time of the casualty. There were 
times, you will note, in which casualties were taking 
place in each of the four engineering spaces simul- 
taneously. It would have been impossible to assume 
that any Chief Engineer or his Division Officers, or 
any particular chief could be ready and available to 
be immediately upon the scene of a casualty at any 
one time. It was, therefore, necessary to see that each 
man knew his job absolutely. 

Since this first cruise, she has completed a run at 
30,000 SHP per shaft for four hours. This equals the 
ability of any of our present fleet destroyers. On 18 
December 1955 Timmerman returned to Boston after 
a six weeks cruise to Key West, Florida. Many of the 
problems described in this article have been elimi- 
nated. The Key West cruise was a tremendous success 
by comparison. As a further proof of Timmerman’s 
increasing reliability, she spent 36 hours in a hurri- 
cane and her only real problem was oil leakage from 
the #1 cruising turbine forward bearing. 


TWENTIETH CENTURY Clermont’s FIRST CRUISE 


At 0119 on 13 July 1953, an entry was made by a 
sailor in the rough log of the USS Timmerman 
(EDD828) as follows, “Emergency Generator went 
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KNOX 


Dead.” At the time, that emergency generator was 
our last source of power. We were moored to a buoy 
in the harbor of Newport, R.I. A northeaster was just 
beginning to show its teeth; and the Timmerman 
went dead—no lights, no ventilation, no heat, not 
even coffee, nothing but battle lanterns. Battery pow- 
ered lights were hoisted to substitute for navigational 
lights; P-500s (gasoline driven fire pumps) were 
started to provide fire and flushing system pressure, 
and by morning a line was formed outside the door 
of Sickbay as men, with coffee pots in hand, awaited 
their turn to use the bunsen burner to brew a pot of 
coffee. 


I will never forget that day and I’m sure all hands 
who were on board will certainly not forget it either. 
To many it was like the Jones boy who had gone bad. 
To others, who were familiar with the engineering 
plant, it was a normal expected step which was nec- 
essary. Few babies learn to walk without a fall, few 
champions reach the top without bruises—Timmer- 
man was no exception to these rules. 


Slightly more than a month before this casualty, 
we had steamed out of Boston on both engines with 
four generators in operation (two ship service and 
two emergency). Less than two weeks after this cas- 
ualty, we steamed back into Boston on both engines 
with four generators in operation; but, there is more 
to this than a mere statement of fact. 

Since commissioning, 26 September 1952, and prior 
to 9 June 1953, the vessel had been to sea only on 14 
March, 3 April, and 22 April 1953; a total of 23 hours 
with no greater speed attained than 31 knots (268 
rpm) on two boilers. On 9 June we took our first step 
to “make like a ship.” The net result of that first step 
was to cover a period of six weeks, 2488 miles, 19 op- 
erating days at sea at an average speed of 15 knots, 
and the greatest period of underway training in en- 
gineering casualty control the Navy has probably 
ever experienced. 

This article will deal with the high points of that 
experience. My remarks will be limited to facts based 
upon entries made in the ship’s Engineering Log. It 
will not be necessary to resort to exaggerations. 

9 June 1953 

0831 the USS Timmerman got underway from Boston 
Naval Shipyard for Provincetown, Mass. The pump 
which provides cooling water to the #2 turbo gener- 
ator was out of commission. There is a standby cool- 
ing system for this generator in the form of an 
eductor actuated by water from the firemain. As 
long as we had at least two fire and flushing pumps 
on the firemain (or two emergency fire pumps), we 
had nothing to worry about. On this day we had 
only two pumps available (#3 and #4 fire and flush- 
ing pumps, both #1 and #2 emergency fire pumps 
being out of commission). 

0842 placed #2 emergency fire pump into commission. 

1615 #3 fire and flushing pump was placed back into op- 
eration and we felt like a high school boy with hair 
on his chest. We steamed 11 hours during the day 
with a top speed of 16.9 knots. Our average speed, 
however, was only 10 knots for the day because the 
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after bearing on the #1 high pressure turbine was 
running hot. 

1949 we anchored at Provincetown just as the Worcester 
tornado passed through our anchorage. 

10 June 

0300 inspected the #1 high pressure turbine after bear- 
ing. The manufacturer’s representative was with us. 
The bearing was in good shape so we enlarged the 
orifice in the lube oil line and reassembled the unit. 
The shaft driven lube oil pump bevel gears had 
shown a tendency in the past to try to chew their 
way through each other. We inspected them, the 
vendor relieved the tooth clearance with a file, and 
we reassembled the casing. 

1349 underway. The #1 emergency fire pump was placed 
in commission. 

1354 five minutes after the ship was underway and had 
worked up to 15 knots, the #1 low pressure turbine 
began to vibrate. Upon request from the engine- 
room, the bridge slowed to 5 knots. 

1413 by increasing speed with 5 rpm increments, we 
reached 10 knots and the vibration had been elimi- 
nated. 

1435 #3 fire and flushing pump went out of commission. 
#1 emergency fire pump proceeded to spend the re- 
mainder of the day in and out of commission by 
“blowing” its controller. 

1618 the vacuum on #1 main condenser dropped to 15 
inches of mercury. We did not determine the cause 
for this drop until we opened the condenser the next 
day and found fresh fish covering two-thirds of the 
inlet tube nest. 

1725-1740 #2 distilling plant was down for repairs to the 
salt water heater drain pump. We were soon to learn 
that the pumps on this distiller would be a continu- 
ous problem. 

2217 the oil seal on the planetary reduction gear began 
to leak oil. By reducing the pressure to 12 psi on the 
system the leak was stopped. The vessel steamed all 
night, with speeds between 10-15 knots. 

11 June 
During the day #3 fire and flushing pump was 

laced back into commission. 

1514 the bridge commenced practice in maneuvering 
with the main engines. 

1624 #1 low pressure turbine began to vibrate. 

1655 with a repeat of the above “tenderizing” treatment, 
the vibration had disappeared. 

1900 we anchored at Provincetown. 

During this cruise, when at anchor, the vessel kept 
both turbo generators lighted off and operated en- 
tirely split plant. We still did not trust the turbo gen- 
erators to the extent of securing one of these units 
even while at anchor. 

A further complication to this arrangement, was 
the fact that it was necessary to jack-over the #2 
main engine when operating the #2 turbo generator. 
The vessel has never received the auxiliary feed and 
booster pump for the after plant. This requires, there- 
fore, the operation of the main feed and booster pump 
when in port. It’s steam consumption is so great that 
the condenser on the #2 turbo generator (which is 
the auxiliary condenser) cannot handle the auxiliary 
exhaust steam. Blowing the excess to atmosphere 
would not only be a great loss of feed water but it also 
increases the back pressure on the main feed and 
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booster pumps. This increased back pressure has 
been suspected as contributing to past main feed and 
booster pump failures. The net result, therefore, is 
that we used the main condenser to handle the excess 
auxiliary exhaust, and still do. 

12 June 

0655 underway. 


1207 #2 low pressure air compressor motor controller’ 


went up in flames and the boys had a little fire drill 
in the after engineroom. 

1322 #2 low pressure air compressor was back in com- 
sion. 

1350 worked up to 25 knots. 

1409 slowed down because the forward bearing on #1 
cruising turbine was running hot. 

1500 anchored for the weekend at Provincetown. The #2 
jacking gear was given a rest and the excess auxili- 
ary exhaust was sent forward to #1 main condenser. 

13 June 

0941 #2 turbo generator was secured until 1145 for some 
minor repairs. 

14 June 

Sunday was a good day to us. Liberty was granted 
in Provincetown and our sailors were able to go 
ashore in a “foreign” port like real sea faring men— 
imagine, no pier alongside! Quite a few wives and girl 
friends drove down from Boston to meet the liberty 
boats at the landing. You would have thought we had 
been to Korea and back. Most of those wives had 
been with us in Philadelphia and Bath, Maine, as well 
as in Boston. They had become a part of the “828” too 
and the first cruise was a thrill to us all. 

15 June 

0505 underway. 

0514-0609 we toyed with the #1 low pressure turbine to 
eliminate vibration. By this time it was a foregone 


conclusion that we would get vibration if we tried. 


to go ahead at any speed in excess of 5 knots after 
either an extended astern bell or after we had been 
lying-to and spinning main engines for more than 
10-15 minutes. Continued operation further verified 
that conclusion. 

0833 the vessel anchored in Boston outer harbor to take 
on ammunition. 

1230-1900 #1 engine was put out of commission to check 
the orifice plate in the lube oil line to the #1 cruising 
turbine bearing (the one which had overheated on 
the 12th). A dispatch was sent ashore to the vendor 
requesting instructions. No obstruction was found 
in the orifice plate, no instructions were received 
from the vendor, so we reinstalled the same orifice 
plate. As frequently occurs with the equipment on 
the Timmerman, the bearing has run cool ever since. 

2115 #2 automatic combustion control air compressor 
went out of commission. 

2147 #2 main lube oil service pump went out, and we had 
to stop jacking the port engine and send the auxili- 
ary exhaust steam forward to the #1 main con- 
denser. At first it was believed that the bearings had 
failed on the main lube oil service pump. As we 
were wringing our hands over the possibility of not 
being able to get underway the next day on sched- 
ule, we learned that it was merely the controller 
which had failed. Controller and bearing failures 
were a regular occurence to us by this time, and 
meant no more to us than the fact that we just didn’t 


know when or where our next engineering casualty 
drill would start. 

2330 the lube oil pump was back in commission. 

16 June 

0801 underway. 

0825 we had to stop #1 main engine as the result of low 
boiler pressure on #1A boiler. A pin had dropped 
out of 1A2 forced draft blower automatic combus- 
tion control linkage. In short order, the vessel was 
underway on both engines again. 

1700-1915 #1 distiller circulating pump went out. This 
distiller, like #2, was to be out of commission peri- 
odically. That night we anchored off Scituate and 

granted liberty for the crew. 

17 June 
A fairly casual day. Underway at 0833. 

1115 the laundry broke down. This machine was in and 
out of commission continuously during its first year 
with the more extended periods being spent out of 
commission. At one time, serious thought was given 
to exchanging it for a standard unit. The problem of 
obtaining a proper power supply for the unit was 
one of the laundry’s saving graces. Following a 
period of repair and redesign by the manufacturer, 
the machine operated for an extended period before 
collapsing again. During the day, we worked up to 
25 knots and held various drills. 

1602 Moored alongside the pier in Boston Naval Ship- 
yard. 

The representatives of the automatic combustion 
control companies were on board during the cruise, 
and they had managed to work a good many kinks 
out of their respective systems. On our return to Bos- 
ton, the vessel maneuvered quite radically for a little 
over a half hour. Both firerooms were on full auto- 
matic combustion control, except for steam to the 
blowers, and the bridge reported there was only one 
puff of black smoke. The men in the forward fireroom 
who were on watch at the time thought it was won- 
derful. With the control system installed in that fire- 
room it was only necessary to stand in front of the 
boiler and watch the show. 


The after fireroom controls are used continuously 
in port and underway. The forward fireroom system 
is a little more complicated. This forward system cuts 
burners in and out automatically, both air register 
and oil pressure. It needs more operation and adjust- 
ment before the crew will be able to rely upon it. 
(There have been sufficient primary engineering 
problems to date, so that we have not been able to 
concentrate on the use of automatic combustion con- 
trol operation in the forward plant.) 

The purpose for the return of Timmerman to Bos- 
ton on 17 June was to make repairs as the result of 
structural test firing damage which had been caused 
by the 5” battery. The firing cam permitted mount #2 
to fire a little too close to the starboard side of the 
bridge and the blast damaged the O1 level. The alu- 
minum superstructure was not pre for such 
treatment; rivets popped, welds cracked or sheared, 
shields buckled, and life jacket lockers bulged. Engi- 
neering wise, we felt the ship was in as good or better 
condition than when the vessel had left the yard a 
week before. 
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“CLERMONT’S” FIRST CRUISE 


U.S.S. TIMMERMAN entering the Harbor of Havana, Cuba 


There had been so many remarks about “Building 
828” in the shipyard and about our “concrete founda- 
tion” that I had vowed when we sailed that I’d stay 
out until I had to come in on a tow line. The Repair 
Officer in the shipyard was so glad to see us go that 
first day that he came down to see, with his own eyes, 
that Timmerman sailed. Our return was like old home 
week. The Shipyard Commander, the Planning Offi- 
cer and the Production Officer all came down to see 
the Commanding Officer on our return. It was one of 
our greater days. 

After five days in the yard we set sail for Newport, 
R.I. It was planned to give the vessel a period of “in- 
dependent ship exercises,” a trip to Washington, D.C., 
and then six weeks of shakedown training. 

23 June 

0820 underway with one fire and flushing pump (of 
four), both emergency fire pumps, and one auxiliary 
machinery salt water circulating pump (of two) in 
commission. The auxiliary circulator for #2 turbo 
generator was still out and so was #1 low pressure 
air compressor. I keep referring to our firemain and 
low pressure air systems because they were so vital 
to our operation. Without firemain pressure, it 
meant #2 turbo generator and the main feed and 
booster pumps aft, as well as the boiler circulating 
pumps aft, had no cooling water and would conse- 
quently become inoperative. Without low pressure 
air it would require a double watch to man all sta- 
tions in the after fireroom, and even then, there 
would be no control on the desuperheater station. 
To pack more power into the same space means in- 
creased speed of operation of machinery and in- 
creased steaming rates for the boilers. To do this, 
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automatic controls become a necessity. They are far 
superior to manual control, and there is little doubt 
in my mind but what they are the coming thing. 

0830 #1 main condenser lost vacuum and the forward 
plant underwent a little “round robin.” The man on 
the deaerating feed tank in the fireroom took on a 
slug of water and the exhaust pressure dropped in 
response to the need for more heat in the deaerating 
feed tank. The augmenting valve from the 300 psi 
line opened to bring the exhaust pressure up. The 
reducing station, which supplies the 300 psi line, is 
apparently too small and the result was a loss of 
pressure on the 300 psi line. The air ejectors which 
operate by steam from the 300 psi line consequently 
could not do their job and we lost vacuum. In two 
minutes everything was squared away. 

0845 the chief boilerman in the after fireroom was burned 
by steam when the regulator on the steam supply 
to the main feed and booster pump became erratic. 
The pump overspeeded, lifted the main feed relief 
valve and the feed flashed to steam as it hit the 
bilges under the chief. The burn was the extent of 
a bad sunburn, so he was fortunate. 

It should be of interest, that the Timmerman had 
only two men in the engineering crew injured during 
the vessel’s operations the first year. In the other 
case, the man was burned with hot oil when the oil 
sump on the same feed and booster pump exploded. 
The pressure was released through an opening for 
an oil level dip stick and the man was directly in line 
with this opening at the time of the explosion. In his 
case he was also able to continue with his routine 
duties. 

0932 the last fire and flushing pump was lost, but it turned 
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out to be another controller failure and the pump 
was back on the line by 0949. 

1035 the regulator on the other main feed and booster 
pump in the after fireroom jammed (the shift had 
been made when the chief boilerman was burned). 
Operation was then shifted back to the first pump. 

1124 the boiler in the after fireroom lost steam pressure 
when the fires went out. 

1125 stopped the port shaft. Low pressure air to the auto- 
matic combustion control equipment had been lost 
and the failure had closed the fuel oil regulating 
valve. 

1126-1132 the bridge held a steering casualty drill. 

1135 we had started #2 automatic combustion control air 
compressor and lighted off the boiler again. 

1138 the vessel’s speed of 20 knots had been resumed. 

1612 the vessel slowed to 15 knots when the low pressure 
pinion bearing on the after main engine became hot. 

1640 the bearing temperature was normal. 

1727 fog was encountered. 


1912 & 1929 steering casualties were experienced. 

2035 the fog lifted. 

2200 a report came to me that 2A boiler circulating pump 
would have to be placed out of commission because 
of a cracked packing gland on the pump end. 

2221 2B main feed and booster pump relief valve on the 
feed line lifted again and dumped the water from 
the deaerating feed tank in to the bilges. The water 
level in the boiler began to fall with the loss of feed 
pressure. 

2222 stopped the port shaft. 

2223 shifted the after electrical load to the forward gen- 
erator. 

2224 secured 2B boiler. Since the morning casualty when 
the main feed and booster pump regulator jammed, 
repairs had been made to that regulator to permit 

tial operation of the regulator in an emergency. 
That time had come, the pump was placed into op- 
eration. 

2227 the boiler was lighted off again. #2 main engine lube 
oil service pump failed. The forward engineroom 
immediately stopped the starboard shaft. The main 
condensate pump which had been in operation on 
the after plant also failed. 

2229 the port shaft had been locked by backing on the 
starboard screw and by using the after boiler steam 
pressure to hold it until it was locked. 

2232 regained lube oil pressure (controller had tripped 
out when the main condensate controller “blew’). 

2308 unlocked the port shaft. 

2320 checked the main lube oil strainers aft and found no 
metal. 

2321 port engine answered a 5 knot bell. 

2330 the main condensate pump was back in commission 
(during the casualty we had shifted to the standby 


pump). 

2346 the Aoi feed and booster pump was not getting 
enough steam through the emergency rig on the 
jammed regulator. Boiler pressure was lowered to 
a point which would permit feed to enter the boiler 
and a restriction of 5 knots maximum speed was 
placed on the port engine. (By-passes for the steam 
regulators are not installed.) 

24 June 


The Timmerman slid into Newport at a speed of 
about 5-7 knots as if she had not a care in the world 
and moored at 1017. For the first time anchored or 


moored in a harbor, we placed the entire ship’s load 

on #1 turbo generator, and secured the after plant to 

lick our wounds on the main feed and booster pumps. 

25 June 

A test run was made on 2B main feed and booster 
pump after the oil sump had been checked for metal 
and the thrust readings had been taken. We were in 
luck. The pump had apparently survived the casualty 
without wiping the, then well known delicate, thrust 
bearing. 

26 June 

An emergency job by a tender on a new gland for 
the 2A boiler circulating pump placed it back in com- 
mission. 

27 June 

Both low pressure air compressors in the engine 
room were out of commission. Each fireroom has its 
own air compressor for combustion control. The low 
pressure air compressors in the engine rooms are pri- 
marily for ship service and secondarily as a standby 
source for the automatic combustion control systems. 
With both low pressure air compressors out of com- 
mission, the only standby supply for ship service use 
is the high pressure air compressor through a reduc- 
ing station. 

29 June 

The vessel shifted its mooring to another buoy. On 
securing the main engines #2 turbo generator was 
used to carry the ship’s load. In short order we were 
again involved in an unscheduled engineering cas- 
ualty control drill. 

1126 a loose connection on #2 turbo generator control 
system began to smoke. The emergency diesel gen- 
erator was started and the load shifted to it. 

1148 the gas turbine emergency generator was started to 
carry the forward half of the ship’s load. 

1156 fires were relighted under boiler 1B.. 

1200 the entire load was taken, by the diesel generator 
when it became necessary to secure the gas turbine. 

1222 #1 turbo generator took the electrical load of the 
ship. 

1225 ‘ior teller circulating pump on 2B boiler was placed 
out of commission and consequently 2B boiler was 
out of commission. The packing had blown out of 
the pump end. 

1230 as we were eating lunch the electric load was lost 
and the diesel started again. 

1244 #2 turbo generator was placed in commission after 
locating and securing the loose connection. 

1251 #1 turbo generator had the ship’s load again. 

1505 shifted the electric load to #2 turbo generator. 

1514 lost the electric load and shifted back to #1 turbo 
generator. 

1640 back on #2 turbo generator. 

I distinctly remember going down to the forward 
engineroom when the load was lost the second time. 
It was hot and steaming and I was tired. Officers, 
chiefs and petty officers were charging around busily 
handling the casualty. I sat down on the rag can and 
if I could have found a buyer I’d have sold Timmer- 
man for one good Indian blanket at that moment. I 
didn’t care if it sank right at the buoy. Thanks to the 
others in the engineering gang who were of a little 
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lighter mood at the moment, they soon had every- 

thing well under control. 

1 July 

The day was routine except that #1 turbo genera- 
tor was out of commission most of the day for repairs. 
1355 #1 automatic combustion control air compressor 

was placed back into commission. 

2 July 

0917-1140 an admiral and his staff, assisted by personnel 
from another destroyer, held an administrative in- 
spection of the ship. The official report came out as 
a “very high excellent.” 

1600 the vessel was underway for none other than Bath, 
Maine, and a 4th of July weekend at our “First 
Home.” 

When we had been delivered, almost nine months 
previous, a standing invitation had been made for us 
to come back to Bath on the 4th of July. Each time 
our fitting out completion date in the Boston Naval 
Shipyard was pushed back we’d comment, “If this 
doesn’t stop pretty soon we'll never make Bath by 
the 4th.” At last that time had come. 


Only one thing marred our getting underway and 
that was the test of the whistle. It was tested four 
times before a satisfactory test was obtained. 

1740 we were making 25 knots. 

1758 we shifted to our shaft driven lube oil pumps. 

1823 it was necessary to slow because of an oil leak on 
the #1 low pressure turbine after bearing. 

1827 a speed of 25 knots was rung up for the port unit 
and a speed of 21 knots was held on the starboard, 
#1, unit. 

2042 the vessel commenced fog signals. The high pres- 
sure air compressor (both low pressure air com- 
pressors were out) was unable to produce the ca- 
pacity of low pressure air through the reducing 
valve to keep the whistle lowing. The hand pow- 
ered fog horn had been broken out and placed on 
the forecastle. Each time the man on the forecastle 
would blow it, one of the lookouts on the bridge 
would report he heard a fog signal close by, or just 
ahead, all of which would temporarily throw the 
bridge personnel into a panic. This situation was 
further aided by the fact that the surface search 
radar had just gone out of commission, we were off 
Nantucket Light Ship, and there were eight to ten 
contacts on the radar screen when the casualty had 
occurred. With conditions as such on the bridge we 
had our “trouble trio” on watch. At least they were 
soon to be identified as such. They were: (1) the 
Operations Officer on the bridge, (2) the Main Pro- 
pulsion Officer in the forward engineroom, (3) the 
Auxiliary Gang Chief in the after engineroom. 
(Good men, but they had a nose for trouble.) 

2127 fires were lost under the after boiler when low pres- 
sure air pressure was lost. 

2128 rang up stop on the port engine. 

2129 relighted fires under the after boiler. 

2130 secured the boiler. Steam leak in the after engine- 
room. 

2131 abandoned the after engineroom except for one man 
who stayed behind to secure the #2 turbo generator. 
The diesel emergency generator started on auto- 
matic. 

2133 General Quarters (battle stations). 

2134 #1 turbo generator took the full ship’s electric load. 
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2138 auxiliary exhaust valve in the cross connect line in 
the forward engineroom jammed partially open. 

2139 steam leak at the seal ring in the #2A guarding 
valve stopped. 

2158 lighted fires under the after boiler again. 

2211 split the auxiliary exhaust by closing the cross con- 
nect valve in the after fireroom. 

2215 opened the guarding valve; slight leak. Surface 
search radar back in commission. 

2217 #2 turbo generator back on the line with the after 
half of the ship’s load. 

2219 all ahead 10 knots. 

2222 secured from General Quarters. Ready to answer 
all bells. 

2309 the fog lifted enough to stop fog signals. 

2340 the whistle was considered back in commission for 
navigational signals. 

It just happened that I was writing my weekly re- 
port, of sorts, to our Bureau of Ships liaison officer 
prior to the above casualty. It strikes me as rather 
amusing to note the comments I made just before and 
just after the casualty. 


“Just slowed to 5 knots—don’t worry, only to show 
movies on the fantail. Ship will now probably pro- 
ceed to fall apart. It was so peaceful just steaming 
along at 23 knots!! 
What did I tell you—’They want me on the bridge.’ 
Bob 

PS. 
So I went to the bridge. The whistle wouldn’t blow 
loud enough and we are in a fog. Result of investi- 
gation—when bleeding off the H.P. Air Compressor 
you do not have the volume for whistle. As 
I watched the whistle the after stack belched black 
smoke. I picked up the hand phone (for smoke 
watch) to hear what was on the engineers telephone 
line and heard, ‘Mr. Cleveland we are abondging 
ehi aflea spaocl.’ Came an answer, ‘What?’ From the 
other end came no answer. Main steam valve had 
sprung a leak and drove them all out of the after 
engineroom. Now 1% hours later we are underway 
again. What did I tell you—-steady progress. GOOD 
NIGHT.” 

3 July 

0846 the after boiler lost fires and the port shaft came to 
an emergency stop. Two minutes later all problems 
had been resolved. 

0910 the #2 automatic combustion control air compressor 
went out of operation. 

1233 the vessel passed Fort Popham Light abeam to port. 

1330 moored alongside the DL3 at Bath Iron Works. 


1400 #2 turbo generator took the load while we did a 
fast repair job on a steam leak on the #1 auxiliary 
air ejectors. 

1535 #1 turbo generator was back in commission and 
took the ship’s electrical load. (It had been planned 
far in advance to steam the #1 turbo generator at 
Bath so as to eliminate the possibility of having to 
blow auxiliary exhaust steam to the atmosphere. A 
man must have his pride and a sailor is no excep- 
tion.) 

1600 #1 refrigeration compressor motor failed. 

4 July 
An uneventful day, as far as casualties to engineer- 
ing equipment. 
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5 Jul 

0936 #1 automatic combustion control air compressor 
went out of commission. With all low pressure air 
compressors out of commission it was now neces- 
sary to resort to our last source of air pressure, the 
high pressure air compressor. 

It had been noticed by this time, and particularly 
on our trip to Bath, that the starboard stern tube was 
losing oil at an excessive rate, when underway. We 
struck down the remaining lube oil we had on hand 
for the stern tube bearing and calculated that there 
would be enough to get us back to Newport, where 
we had an order awaiting our return. 

2305 the #2 emergency fire pump went up in flames. 

While at Bath the weather was unusually hot. The 
ship was sitting in the sun and there was no breeze, 
which made conditions even worse. Fortunately the 
air conditioning units operated. The effectiveness of 
our air conditioning is reduced greatly by two factors. 
First, the amount of traffic in and out of air condi- 
tioned compartments at a time when the air condi- 
tioning is really needed results in almost eliminating 
the effect of air conditioning. During the holiday 
weekend, traffic was at a minimum and air condition- 
ing was very good until the sun began to bear down 
upon us. That brings up the second factor. The over- 
heads of all spaces which have a weather deck above, 
are insulated only on the flat areas between the long- 
itudinals and the beams. The faces of the longitudi- 
nals and beams are not insulated. The result is a 
network of radiant heaters from 1000 to 1600 on each 
sunny day. 

6 July 

0829 the vessel departed Bath, Maine, for Newport, R.I. 
Everyone had had a wonderful time. Many friends 
had been formed by the ship’s personnel during the 
pre-commissioning period at Bath. As one proud 
resident of Bath later wrote to me, “I saw the Tim- 
merman sail down the Kennebec that morning—and 
without a tug.” On both the sea trial and the de- 
livery run down the Kennebec, a tug had followed 
the Timmerman as a precaution. This peculiar pro- 
cedure was therefore particularly noted by the 
people of Bath who have a very keen interest in the 
Bath built ships. 

0845 the bridge force was given a little thrill when there 
was a momentary steering casualty. Some people on 
the scene say it was just a sluggish response to the 
helm at a tense moment, but with that narrow rocky 
river I am sure the thrill must have been there. 

1010 the vessel cleared the river. 

1018-1145 the #1 turbo generator was secured for a quick 
repair job. 

As the vessel headed for Newport, our “slip was 
beginning to show.” All low pressure air compressors 
were out of commission. The same was true of three 
of our four fire and flushing pumps, one of our four 
boilers, one of our two distilling plans, one of our two 
refrigeration compressors and one of our two emer- 
gency fire pumps. 

7 July 

0055 the vessel anchored off Block Island. 

0555 the other refrig2ration compressor went out of com- 
mission. 


0940 underway. 

1018 the starboard engine was slowed to 15 knots because 
of an oil leak on the planetary gear. 

1045 #3 fire and flushing pump was placed back in com- 
mission. 

1107 #2 refrigeration compressor was back in commis- 
sion. 

1130 the planetary gear oil leak did not stop so the motor 
driven lube oil pump was secured and.operation was 
continued with just the shaft driven pump. 

1143 the forward fireroom could not blow tubes on 1B 
boiler because of a leaky drain valve. 

1450 after mooring in Newport harbor, #2 turbo genera- 
tor took the ship’s load. About this time a fresh 
water barge came alongside to deliver water. We 
had been unable to operate our distilling plants in 
the river at Bath and the distilling plant at the Iron 
Works had been secured for the holiday weekend. 

1502 #2 distilling plant was back in commission. 

8 July 

0755 underway after pouring 75 gallons of lube oil into 
the starboard stern tube oil tank. 

0906 vacuum was lost on #1 engine. 

0910 all was normal again. 

1113 the vessel commenced passing mail and towing 
drills with another ship. 

1237 shifted the electric load to #1 turbo generator to be 
able to secure #1 emergency fire pump for repack- 
ing. 

1305 work completed on #1 emergency fire pump and 
secured #2 fire and flushing pump to replace a plug 
in the discharge line gage fitting. 

1315 the plug was replaced and the load split again. 

1328 lost fires on the after boiler when the #2 turbo gen- 
erator tripped off the line; shifted load to the #1 
turbo generator. 

1335 the engine order telegraph failed. 

1342 electric load split again. 

1430 engine order telegraph back in commission. 

1729 while lying-to and spinning main engines, #2 
throttle linkage became disconnected when a pin 
fell out. Fortunately the valve was in the closed po- 
sition at the time and the pin had fallen to a flat 
area of lagging where it was readily located. In 
three minutes we were on our way. 

1746-1812 was spent “tenderizing” #1 low pressure tur- 
bine again. 

1750-1930 1B boiler was out of commission for repairs to 
the drain valve. 

2020 anchored. #1 emergency fire pump was placed out 
of commission for a bearing replacement. 

2110 lowered the oil pressure on the planetary gear to 8 
psi, while jacking, to stop the oil leak. 

9 July 

The day was utilized working with a submarine on 
sonar runs after getting underway at 0208. No cas- 
ualties were experienced with speeds up to 25 knots 
being made on the port engine. Speeds on the star- 
board engine were limited to 23 knots to avoid oil 
leaks from the #1 low pressure turbine after bearing. 


10 July 

0705 underway with observers for a surface firing prac- 
tice. In four minutes, the vessel went from the first 
bell to full speed (20 knots). The starboard turbine 
never even attempted a vibration. Shortly there- 
after, we went to our maximum speed combination. 
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0829 slowed to 20 knots to investigate a knock in the 
planetary gear. The knock disappeared as soon as 
both engines ran at the same speed. 

1124 #1 turbo generator tripped out on overspeed and 
fires were lost on the forward boiler. One minute 
later everything was stable once again. 

1310 General Quarters for firing. 

1315 #2 fire and flushing pump tripped out. Firemain 
pressure dropped. 

1316 secured air conditioning unit #1 to save salt water 
cooling pressure. 

1317 shifted load to #1 turbo generator and let #2 turbo 
generator idle with 80 psi firemain pressure for 
cooling. (Speed of 20 knots was maintained for the 
firing run in spite of casualties.) 

1335 #2 fire and flushing pump back in commission. 

1337 load split again. . 

1626 after lying-to, vibration was noticed on the cruising 
turbine of the #2 main engine when getting under- 
way. It was stopped by slowing to 5 knots. 

11 July 
The #2 auxiliary condenser circulating pump was 
returned to the vessel. 

The pump was installed by 2002 and was out of com- 
mission by 2010. 

2105 #2 turbo generator cut out on overspeed. Repeated 
tries to put it back on the line failed. 

2340 #2 turbo generator was logged out of commission. 

12 July 

0656 Sunday, started off with a bang when #1 turbo gen- 
erator overspeeded after losing voltage. The emer- 
gency diesel generator started on automatic. 

0701 started rolling #1 turbo generator again. 

0720 put it out of commission after it had been deter- 
mined that the exciter was short circuited. 

0919 broke out both P-500s and secured all power in the 
ship, except to the after plant, for another try at 
lighting off the #2 turbo generator. 

1030 a young chaplain had boarded us that morning to 
carry out his assigned duties. Divine services were 
conducted amid a variety of weird noises. The ser- 
mon was the shortest I have ever heard, but the 
prayer was in earnest. 

1223 secured #2 turbo generator because of malfunction 
of the hydraulic valve in the governor. Secured the 
after plant. 

1245 secured the P-500 which was in operation and shift- 
ed to #2 fire and flushing pump. Cut in power to the 
rest of the ship from the emergency diesel. With 
both plants secured no feed water could be made 
from the distilling plants. When lighting off a cold 
plant, without the other plant in operation, auxil- 
iary exhaust had to go to the atmosphere with a 
resultant loss of feed water during the entire evolu- 
tion. The consequence was a rapid reduction of 
fresh water and feed water in the vessel’s tanks. 
Showers throughout the ship were secured. 

1644 a water barge had been kind enough to come along- 
side with its duty section to give us fresh water. All 
hands made a dash for the showers to assist us in 
getting the maximum amount of water from the 
barge. 

2248 energized a P-500, secured #2 fire and flushing 
pump and again proceeded to light off the after 
plant. 

13 July 

0114 it began to happen! The upper bearing on the emer- 
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gency diesel generator failed. The after plant was 
immediately secured. 

0119 the gas turbine emergency generator was started 
but it tripped out on overspeed. It could not be re- 
started because the high pressure air system had 
been depleted by the initial start. 

0215 by this time a check of the upper bearing on the 
emergency diesel had been made and the bearing 
lubricated. Since there was no air to start the emer- 
gency diesel generator, one of the 50 pound CO, 
bottles was connected to the air starting line. It 
started the generator, but also blew the muffler off. 
The explosion sent the telephone talker leaping 
right over the top of one of the officers as the tele- 
phone talker decided to depart. The officer came 
stumbling out of the compartment after a swallow 
of CO,. The bearing froze to the shaft again about 
that same time and the show was over. 

Cold iron watches were set and the duty fire party 
was mustered in the after mess hall and told to sleep 
there for the rest of the night. Battery lanterns were 
hoisted to the yardarm and at various other spots top- 
side to double as standing lights for navigational pur- 
poses. The P-500s were tested and put on standby and 
we went to bed. What else could one do? 


The morning weather was so bad that we could not 
get our liberty party on board until noon, and then, 
only by the use of tugs. The P-500s had become wet 
and would not start when needed at reveille. A little 
handy billy pump was used for the flushing system in 
the interim until we were able to place the larger 
pumps into operation. 

1210 a tug delivered 50 gallons of gasoline from the Cod- 
dington Cove Fire Department, as we were running 
low on gasoline for the P-500s. 

1530 underway by tug to go alongside the tender. Within 
two hours we were receiving all facilities from the 
tender, including power to run the shore power 
motor generator set. 

1828 lighted off the forward boiler. 

2000 #1 turbo generator started to roll. 

2250 secured #1 turbo generator. 

2330 lighted fires under the after bolier. 

14 July 

0042 #2 turbo generator was rolling. 

0205 secured same. 

1025 shifted ship’s load to the gas turbine emergency 
generator for an hours test run and then shifted 
back to the motor generator set. (The air banks had 
been charged by a high pressure air line from the 
tender.) 

1350 tested 2A boiler circulating pump motor. It would 
not come up to speed. With 2B boiler out of commis- 
sion and a steam starting line to only the boiler cir- 
culating pump on that boiler, it looked like our en- 
tire after plant could not be lighted off. By filling 
boiler 2A with 300 psi steam through a circuitous 
route from the forward boiler, we were able to boost 
the motor on the boiler circulating pump just 
enough to light off boiler 2A at 2258. 

2330 started rolling #2 turbo generator and secured the 
forward boiler. 

15 July 

0115 secured #2 turbo generator. Between runs on each 
turbo generator, repairs, adjustments, and investi- 
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gations were made to try to solve our problems. By 
this time we were receiving assistance from the 
vendors by telephone and directly as their repre- 
sentatives would come on board with more replace- 
ment parts. 

1315 secured again. 

1400 lighted off boiler 1A. 

1535 started rolling #1 turbo generator. With the exciter 
gone on the #1 turbo generator, the electrical gang 
used the degaussing circuit to provide the excita- 
tion for the generator. Since the power on the ship, 
which included the excitation for the generator; was 
coming from the shore power set, it was going to be 
a bit tricky to switch to #1 turbo generator for 
power without losing excitation. It worked, how- 
ever, but only for a short time. The voltage control 
was on manual control. The operator was not quick 
enough to keep up with the needs of the voltage 
control and the generator overspeeded. The over- 
speed trip did not operate (it was later found to be 
broken) and for a few seconds it looked like the 
generator would walk across the engineroom before 
it could be secured. 

16 July 

2210-2308 rolled #2 turbo generator again. 

17 July 

1045 rolled #1 turbo generator. Power was extremely 
important to us at this time because the New Eng- 
land area was experiencing a heat wave. The ship 
needed air conditioning badly. Many vent sets, 
which recirculated air in the compartments, were 
out. The air conditioning units were operating on a 
hit and miss basis and in general it can be said that 
the vessel experienced very little time in which 
there was a comfortable spot on the ship. Awnings 
were rigged on the main deck and many men slept 
topside to avoid the hot compartments at night. 

1320 #1 turbo generator was secured again. 

1730 rolled #1 turbo generator again. 

1901 #1 turbo generator took the ship’s load. 

1947 lost the load and shifted back to the motor genera- 
tor set. 

1958 back on the #1 turbo generator. 

2012 lost the load again and back on the motor generator 
set. Secured for the night. 

18 July 

1453 #1 turbo generator took the load. By using the mo- 
tor generator exciter to excite the turbo generator, 
#1 turbo generator was placed in commission. Since 
the tender had been supplying us with all the feed 
water we had been using, we lighted off the #1 dis- 
tilling plant. 

19 July 

0957 lost excitation and consequently power when the 
tender lost power. 

1115 power was restored to the tender and to us. 

1158 on #1 turbo generator again. 

1412 shifted to the motor generator set to repair oil leak 
on #1 turbo generator. 

1640 back on #1 turbo generator. 

20 July 

1420 #1 turbo generator overspeeded and tripped out. 
The load was shifted to the motor generator set. 

2323 the tender lost the electric load, again, and also fire- 
main pressure for a short while. Although we were 
beginning to operate our own generators, we felt 
for reliability, it was more practical to take firemain 


pressure from the tender until our electrical equip- 
ment had become more stable. 

21 July 

We continued to use the shore power motor genera- 
tor set for power while making repairs to the throttle 
valves of the #2 turbo generator. 

22 July 

1116 the #2 turbo generator took the ship’s load and was 
placed into commission, after a check run was made 
to determine the success of the repairs. The emer- 
gency diesel was also placed back into commission. 
To help our ego a little, we ran a test on the emer- 
gency gas turbine generator and it too was satis- 
factory. 

23 July 

This date had been set as our departure date to re- 

turn to the Boston Naval Shipyard for repairs. An- 
other destroyer was to steam with us—“just in case.” 
Difficulty was encountered with #1 turbo generator 
as we were preparing to get underway. By using the 
degaussing system to excite the generator in combi- 
nation with the control panel for the motor generator 
exciter, we were able to eliminate the need for man- 
ual control of the voltage. 

1009 the vessel got underway for Boston with #2 turbo 
generator on the line and the #1 turbo generator 
a objecting to taking its share of the electrical 
load. 

1013 #1 low pressure turbine started to vibrate. 

1015 the #1 main condenser circulating pump stopped 
with a horrible bang and was placed out of commis- 
sion. (Other than the forward fireroom main feed 
and booster pumps, which were actually DL2 
pumps, the main circulator pumps were the only 
pumps on the ship which had not required repair 
prior to this time.) The bridge was informed that 

‘we could not go faster than 10 knots because of the 
vibration in the #1 engine; we could not go less 
than 10 knots because of the #1 main circulating 
pump being out of commission. (I don’t recall ever 
having been in a spot like that before.) 

1057 the vibration had disappeared. 

1458 #1 turbo generator took part of the electric load. 

1718 while blowing tubes on 1B boiler, the universal on 
the reach rod to the soot blower valve carried away. 
The vessel steamed with speeds up to 20 knots, with 
an average of 17 knots, throughout the night. 

24 July 

We proceeded to the outer anchorage of Boston to 
rendezvous with the ammunition barge to unload 
ammunition. 

0600 #2 turbo generator took the entire ship’s load and 
#1 turbo generator was secured for emergency re- 
pairs. 

0622 began to secure #1 main engine by letting the star- 
board screw drag as we entered the channel on the 
port engine. In an emergency we could have an- 
swered a short bell, particularly an ahead bell, but 
with the #1 main circulator out of operation it was 
considered best to drag the shaft and let the engine 
cool down. 

0647 anchored and locked the #1 shaft. 

1055 placed #1 main engine circulating pump back into 
commission after removing a lobster float from the 
pump impeller. By removing a “dutchman” in the 
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line, we were able to let a man crawl into the pump 
and locate the float. 

1252 #1 turbo generator took part of the ship’s load 
again, and we were soon underway; steaming with 
two main generators, two emergency generators on 
standby, two boilers, three fire and flushing pumps, 
the high pressure air compressor for all air require- 
ments, complete split plant and ready to answer all 
bells from the bridge. 
moored to the pier at Boston Naval Shipyard. To 
our complete amazement, the starboard stern tube 
did not leak oil on the return trip to Boston. There 
has been no explanation for its peculiar conduct 

‘other than the possibility of dirt having passed 
through the seal and temporarily scratched an oil 
groove in it. Since this peculiar occurance removed 
the necessity for dry docking the vessel in hot 
weather, every one was happy over the coincidence. 

During the above experiences, there was almost as 
much activity on the bridge at times as there was in 
the engineering spaces. The Gunnery Officer had in- 
troduced a poem to the engineers while at Bath which 
really began to become popular as the days went by. 

Although the poem itself covered several situations, 

there was one particular section which appealed so 


much to me and seemed to become more and more 
appropriate to our experiences that I not only read 
and reread the poem but soon began to quote the 
following portion. It is taken from a poem entitled, 
“DE KULLISION HON DE HOSHUN” and the only 
acknowledgement indicated is, “Courtesy USS Au- 
gusta.” 
“Adt dees mument rong de bozzer, 
‘De Chiff requests a liddle pow-wow, 
Weet de Keptin esks hen hudience.’ 
Spuk de Chiff dees wuds what follow: 
‘Keptin, I am werry sorry— 
But I hup you won get worrit, 
Mebbe we can feez de trubble, 
mebbe eet ess nut so turrible.’ 
Wit sigh de sturbud hingine, 
Stodded hup hen huffle racket, 
Halso stopped de odder hingine 
Gafe a gasp de furward hairpomp, 
Wid a beng de hefter boiler, 
Wid a hees de furward fireroom, 
Stopped eet opp de floshink seestem. 
Lost de sockshun hull de hoil pumps, 
Lost de prassure hull de boiners, 
Gafe a laff, ‘Ha, Ha,’ de helmsman.” 


On 21 March 1956 the Navy announced the award, to the Shipbuilding 
Division of the Bethlehem Steel Company, Quincy, Massachusetts, of a 


contract to conduct design studies for a nuclear propulsion plant for a 


surface warship. The contract does not include design of the nuclear re- 


actor or construction of the ship. 


The designs will be for a nuclear propulsion plant suitable for combatant 
surface types in the 8,000 to 12,000 ton range. 
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A: THE University of Chicago’s Argonne Labora- 
tory, when in 1942 for the first time man initiated a 
nuclear chain reaction, those present sensed the im- 
portance of the occasion, For a few moments on that 
historic December afternoon, thoughtful speculation 
and discussion centered on the uses of atomic energy 
other than in the destructive bomb. A glance at the 
13 intervening years will show what has happened 
in the exciting, demanding, and complicated field of 
reactor technology. 

Growth in this field can possibly be measured by 
the different types of reactors built and the number 
of new groups who have built them since 1942. 

The first reactor of the chronology is, of course, the 
graphite-moderated reactor called CP-1—the key 
actor in the drama just described. During the follow- 
ing year, the CP-2 quickly succeeded the original 
reactor. It had no cooling system and never ran at 
more than a few kilowatts for any sustained period, 
although occasionally it operated at higher power for 
short periods. The reactor’s fuel was uranium and its 
oxides; its moderator, graphite; and its shield, con- 
crete. Although little more than a large critical ex- 
periment, the usefulness of this reactor lasted for a 
long time. 

The graphite reactor at the Oak Ridge National 
Laboratory went into operation that same year. This 
reactor was a large cube of graphite pierced with 
many holes in which aluminum cans containing 
uranium cylinders, or slugs, were placed. Fans 
pumped air through the space surrounding the cylin- 
ders. A series of minor changes in design and auxili- 
ary equipment gradually increased the initial power 
of approximately 800 kw to several times this figure. 


Really the first power reactor, it produced energy 
at so low a temperature as to be almost useless. How- 
ever, in postwar years a miniature steam boiler was 
constructed and put into the reactor, which heated 
it by nuclear processes. The steam produced drove a 
tiny generator, and the resultant power lit an electric 
lamp—quite possibly the first example of useful elec- 
tricity from a nuclear chain reaction. 

In 1944 the first reactors of really high power—the 
graphite-moderated water-cooled reactors—were put 
into action at Hanford. For fuel elements they also 
used uranium cylinders canned in aluminum to pro- 
tect them against the action of the cooling water. 

During the same year the first heavy-water-mod- 
erated reactor was put into operation, also using 
aluminum-clad uranium slugs as the fuel elements. 
These were bathed in heavy water that served both 
as coolant and moderator. 

Also in 1944, Los Alamos introduced the first ho- 
mogeneous reactor—the type known as the water 
boiler—that used a solution of enriched uranyl ni- 
trate in water. 

No new reactor types were placed in operation 
during the next two years. But in 1947 the Canadians 
began to operate the so-called NRX reactor. Al- 
though moderated with heavy water, it was cooled 
with light water. And uranium slugs again clad with 
aluminum served as the fuel elements. 

Another year passed before the first fast neutron 
reactor came to life at Los Alamos. Its fuel was plu- 
tonium, its coolant mercury. 

In 1950 a lineal descendant of the Oak Ridge graph- 
ite reactor was put into operation at the Brookhaven 
National Laboratory, Long Island. This air-cooled 
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reactor used uranium slugs canned in aluminum. 
Certain engineering techniques greatly increased its 
power over that of the Oak Ridge reactor. 

Placed into operation in 1951 was the first of the 
alkali-metal-cooled reactors: the sodium-potassium- 
cooled U-235 fueled fast-neutron Experimental 
Breeder Reactor (EBR), built at the National Re- 
actor Testing Station by Argonne National Labora- 
tory. The first to explore fissionable fuel breeding and 
prove it to be technically feasible, the EBR generated 
about 250 kw of electric power. 

Since 1951, other reactors have become operational: 
the Materials Testing Reactor, the Homogeneous Re- 
actor Experiment, the Submarine Thermal Reactor 
(STR), the Submarine Intermediate Reactor (SIR), 
the North Carolina State Reactor (homogeneous 
water boiler) , the Savannah River Reactors, and the 
first of the North American Aviation Reactors. 

Two recent types of reactors are the boiling-water 
reactor being developed at the Argonne National 
Laboratory, and its direct descendant, the 180,000-kw 
G-E dual-cycle reactor being developed for the Com- 
monwealth Edison Company and a group of asso- 
ciates. Financed entirely by private industry, the 
dual-cycle reactor is noteworthy for its. advanced 
technical conception. 

The conclusion of this chronology leads to an ap- 
parent question: During the 12 years of building 
more than 30 different types of reactors, how much 
new technology was developed and what new scien- 
tific discoveries were made? Nuclear physics stands 
out as one important area benefiting from the reactor 
business. 

NUCLEAR PHYSICS 

The fundamental physics of the nuclear chain 
reaction worked out in 1941 and 1942 remains almost 
unchanged. The many advances and new discoveries 
that have arisen in the broad field of nuclear physics 
resulted more from continued research into the basic 
nature of the nucleus than from reactor development 
and technology. 

Reactor technology and science have led to much 
measurement of cross sections, many elaborate math- 
ematical treatments of the reactor equations, and 
discovery of new and extremely interesting nuclei— 
such as xenon 135 with its colossal absorption cross 
section that almost blocked the first Hanford reac- 
tors. Knowledge of the numbers and origins of de- 
layed neutrons that follow fission has been increased. 
And some new elements, through No. 100, have been 
created, particularly by Seaborg and his co-workers. 
Even with these developments, reactor physics today 
would be much the same to the physicist of 10 or 11 
years ago. 

Throughout reactor history, one particular char- 
acteristic of reactor physics has remained constant: 
Essentially, it’s impossible to calculate with sufficient 
accuracy all the desired characteristics of a new type 
of nuclear reactor, making experimentation unavoid- 
able. Thus critical experiments—one type of nuclear 
reactor experiments—are an integral part of any se- 

rious reactor design and development installation. 
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In the art of shielding, notable advances permit 
shields of much lighter weight than would have been 
necessary for the same reactor in 1943 or 1944. These 
advances, however, have come not as-a result of ever 
more refined and abstruse theoretical work but from 
direct, practical, experimental measurements of the 
shielding effectiveness of various materials and com- 
binations. 

One interesting concept, the divided shield, re- 
sulted from attempts to find lightweight shielding 
systems, particularly for mobile power plants such as 
those used in aircraft. First recorded in an official 
report by the North American Aviation Company in 
1948, and independently rediscovered shortly there- 
after by the Nuclear Energy for Propulsion of Air- 


. craft (NEPA) project at Oak Ridge, this conception 


has been extensively developed by the various groups 
working on aircraft nuclear propulsion. The divided 
shield is so named because a portion of the shielding 
is placed around the reactor proper, the remainder 
around personnel. The combined weight of the two 
shields is generally less than the weight of a single 
shield thick enough to safely reduce the reactor 
radiation. 


ENGINEERING TECHNOLOGY 


Although you hear much about the new engineer- 
ing techniques that either have been or must be 
developed in nuclear-energy exploitation, a critical 
look would indicate otherwise. For the only new basic 
engineering technology emerging as a result of nu- 
clear reactors is that of heat transfer in liquid metals 
and in boiling-water systems. While reactor engi- 
neers have been resourceful and inventive, they have 
not had to develop other basic new technology. 

Confronting them also is the interesting problem of 
temperature and velocity distribution in a fluid film 
where heat generation occurs while the fluid flows 
through a duct or other container. Such a problem 
might be encountered, for example, in certain homo- 
geneous reactors. And in such a system it seems theo- 
retically possible to cause overheating of the con- 
tainer wall even in the absence of heat generation or 
transmission through it and in spite of the bulk liquid 
temperature being held to a safe level. 

Some thermal-stress problems peculiar to situa- 
tions where heat develops in a stressed member also 
arose and were solved, But on the whole, little origi- 
nal basic engineering technology has been developed. 
Indeed, an engineering student desiring to train for 


.work in the field of nuclear energy would do well to 


choose his curriculum from among basic engineering 
fundamentals, leaving those peculiar to nuclear 
energy until later. 


CONTROLS AND INSTRUMENTATION 


To the uninitiated, the subject of reactor control 
can be interesting though sometimes slightly fright- 
ening. You might logically expect a number of unique 
problems to have arisen that would require new 
technological developments. Although a flood of new 
instruments for the detection, measurement, and 
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control of nuclear radiation of various types has been 
developed recently, they are not basically new, with 
one exception: the scintillation counter in which the 
interaction of a quantum of radiation with a crystal or 
other material causes the emission of a flash of light 
in the visible spectrum. Indeed, many of the instru- 
ments use electronic circuits that were developed 
during World War II, without any subsequent im- 
provement. The instrumentation field, however, has 
seen considerable improvement in the performance 
characteristics of available instruments, particularly 
in such characteristics as response time, dead time, 
and reliability. Also, many small improvements in 
certain features of operational convenience make to- 
day’s instruments much better than those of the early 
days. 

Probably the most significant single development 
in the field of reactor control was the one carried out 
in 1953 by the Argonne National Laboratory at the 
National Reactor Testing Station. For many years, 
and even prior to the first chain reaction, it had been 
suggested that a reactor which is both cooled and 
moderated by water could be made self-controlling 
if the water were allowed to boil. In such a system, if 
the reactor power starts to rise, the water boils more 
vigorously and naturally in the process of boiling a 
part of it becomes steam. Because this tends to reduce 
reactivity, it would hold the reactor power at a more 
or less constant level. For years this concept was dis- 
cussed theoretically and rejected on the grounds that 
resultant fluctuations would make the reactor un- 
stable. 

In 1953 the Oak Ridge National Laboratory carried 
out a short series of experiments showing that, over 
a limited range of conditions at least, boiling did not 
produce divergent instability in the reactor. Later, 
the Argonne National Laboratory constructed a small 
water-moderated reactor and forced it to run away— 
intentionally increasing its reactivity abruptly and 
allowing the power to rise as high as it would. When 
the power had risen to a sufficiently high value, the 
boiling caused the steam to be ejected, and the reac- 
tor shut itself down without damage to fuel elements 
and without the release of fission products. In other 
experiments in this same apparatus, the reactor was 
allowed to boil steadily, producing steam much as a 
well-behaved boiler, thus exorcising the ghost of di- 
vergent instability that is due to boiling. But super- 
stitions of this kind even in a business as new and 
presumably as free of tradition as reactor develop- 
ment will creep in. 

Moreover, engineers are gradually becoming more 
sophisticated in evaluating the hazards attendant 
upon the operation of a reactor. The AEC has estab- 
lished an advisory committee on reactor safeguards 
to examine new reactor designs for their possible 
harmful effects on people or things in the vicinity of 
their installation. Such evaluations tend to err great- 
ly on the side of conservatism. But more critical 
judgments are becoming possible all the time be- 
cause, as the number of reactors have increased, there 
have been a very few unexpected power excursions, 


or surges. Never have they produced harmful effects 
beyond the immediate vicinity of the reactor, indicat- 
ing that hazard-evaluation methods have been con- 
servative. 

MATERIALS 

The really significant technological advances that 
have been made in the nuclear energy field occurred 
in the general area of materials technology—chemis- 
try, metallurgy, ceramics, and the effects of radiation 
on materials. This is not surprising, for customarily 
the engineer and the physicist first design a reactor 
and then complain bitterly if the materials man is 
unable to immediately supply materials of exactly 
the properties required. 

Some of the major accomplishments in the ma- 
terials field that resulted from the development of 
nuclear reactors include the examples that follow. 

After several years of intensive reactor operation 
at Hanford, it appeared that it might be necessary to 
remove the reactors from service because of the 
harmful effects on reactor materials. This posed a 
serious and entirely new problem that was attacked 
with vigor, perseverance, and intelligence by GE’s 
scientists and engineers at Hanford together with 
their colleagues at a number of other installations. 
Result: greatly prolonged lives of the reactors. 

A thorny metallurgical problem arose in the early 
history of the Hanford reactors. The apparently 
simple and trivial operation of putting a protective 
aluminum can around the uranium slugs turned out 
to be the most difficult single technical problem en- 
countered. Entirely new standards of reliability were 
found necessary. Consequently, many highly refined 
techniques were discovered, but no new basic tech- 
nology was acquired. 

The field of metallurgy yielded two more interest- 
ing examples. Shortly after World War II, beryllium 
was structurally one of the world’s poorest materials. 
Brittle and nonuniform, it apparently could be 
worked only by grinding. Unfortunately, this opera- 
tion produced powerfully toxic beryllium dust, and 
several near casualties resulted before necessary 
precautions were understood. In spite of these defi- 
ciencies, beryllium was destined to be an important 
reactor material. For this metal is an excellent mod- 


erator, having a low atomic weight, good scattering 


cross section, and small absorption cross section for 
neutrons. During a three-year period, beryllium was 
converted into a workable metal. And today it can be 
machined, forged, tapped, and handled in much the 
same way as the more common metals. Now, in addi- 
tion to higher purity and uniformity, beryllium has 
increased mechanical strength and toughness. 
Zirconium—a metal of good corrosion resistance 
and excellent nuclear properties—seemed the fa- 
vored material to use in the reactor of the STR pro- 
gram. However, zirconium as then produced con- 
tained a small percentage of hafnium that not only 
has a large neutron absorption cross section but also 
is extremely difficult to separate from zirconium. 
AEC contractors undertook this problem, quickly 
producing a hafnium-free zirconium of high quality. 
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The progress made in the handling of liquid metals 
can be cited as an example of successful materials 
technology. The liquid metals in general, and the 
alkali metals in particular, have superior heat-trans- 
fer properties. Other liquid metals, such as bismuth 
or lead-bismuth alloys, also have fine heat-transfer 
properties plus other characteristics that command 
the attention of reactor designers. However, the prob- 
lem of containing these liquids, particularly at high 
temperatures, proved to be a substantial barrier to 
their direct use in reactors. Here again the chemists 
and metallurgists of the contractors associated with 
the AEC, foremost in the group being those at the 
Knolls Atomic Power Laboratory, attacked the prob- 
lem. They learned that minute traces of various im- 
purities caused corrosion of container materials for 
the alkali metals, particularly when accelerated 
enormously at high temperature. By painstaking re- 
moval of these impurities, the metals can be con- 
tained at high temperatures for extremenly long 
periods. Concurrently, pumps of both moving rotor 
and magnetic types were developed for pumping 
liquid metals at high temperatures. 
High-temperature materials in general have bene- 
fited greatly from the stimulus of the reactor devel- 
opment program. For example, a new brazing alloy 
suitable for joining various nickel-chromium-iron 
alloys does not contain boron, making it applicable to 
nuclear reactors. (The older and less satisfactory 


The second of ten FORREST SHERMAN-class destroyers, USS JOHN 
PAUL JONES (DD 932), has been launched. The 418-foot vessel mounts 


alloy contained boron.) This material, developed by 
GE’s Aircraft Nuclear Propulsion Department, is 
finding use outside the reactor field. 

It may be asked whether any new technology arose 
from work on radiation effects on such materials as 
lubricants, electric insulators, and elastomers. Some- 
times, new products have resulted: crosslinked poly- 
ethylene owes its strength to irradiation after manu- 
facture. Generally speaking, however, radiation- 
damage work has been confined to searching out 
those materials not adversely affected in large degree. 
Thus a substantial body of information is accumu- 
lating on the susceptibilities of different materials to 
various types and amounts of radiation, but this 
would hardly be called a new technology. Other in- 
stances can be cited: sometimes the addition of 
chemical inhibitors can reduce radiation damage to 
organic materials, but this seems to be the exception. 

These are only the most obvious technological 
contributions of the initial period of development. 
And now the 1954 revisions of the Atomic Energy 
Act open the field for a more normal exercise of indi- 
vidual initiative, competition, inventiveness, and 
responsibility. In the years to come, these factors will 
be extremely valuable, materializing in increased re- 
search and development programs for the construc- 
tive use of atomic energy. Interesting and dramatic 
as the past years have been for a relative few, they 
will hardly compare with those of the future for all. 


the Navy's latest developments in electronics, gunnery, navigational, en- 


gineering and anti-submarine equipment, as well as the newest comfort 


features for her 350-man crew. 
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REAR ADMIRAL HYMAN G. RICKOVER, U. S. NAVY 


ENGINEERING AND 
SCIENTIFIC EDUCATION 


THE AUTHOR 


In the February 1956 issue of the JouRNAL, we published “Nuclear Power and 
the Navy”—a speech which Admiral Rickover made before the San Francisco 
Council of the Navy League. In obtaining permission to publish that paper we 
encountered “Engineering and Scientific Education.” These are remarks which. 
Admiral Rickover made before the Thomas Alva Edison Foundation, Inc. in. 
November 1955. Because of the author’s intimate experience, in his dual role of 
Chief of the Naval Reactor Branch, Division of Reactor Development, U. S. 
Atomic Energy Commission and Assistant Chief of the Bureau of Ships for 


Nuclear Propulsion, with the problems of finding engineering and scientific: 
personnel, we are publishing this paper as a contribution to the national cam-- 
paign which is designed to improve the supply of engineers and scientists. 


F OR THE last eight years my work has been in the 
field of nuclear power. In dealing with the problems 
involved in developing this new source of energy I 
have found them to be but one facet of a much larger 
problem—how to provide the trained men and 
women to maintain the momentum of our rapidly 
expanding technical civilization. You are all aware 
that our explosive population growth has placed a 
tremendous strain on the resources—human and 
material—of our educational institutions. There are 
just not enough good teachers and schoolrooms to 
give each child the opportunity to develop his capa- 
bilities to the fullest. 

I consider the present crisis in education as grave 
a problem as any that faces our country today. Unless 
it is dealt with promptly and effectively the machin- 
ery which sustains our level of material prosperity 
and political power will begin to slow down and we 
will be in danger of losing the cold war by default. 
Let me illustrate this with a few figures: 

First, the United States has doubled its population 
in the past fifty years and is expected to double it 
again by the end of the century. 

Second, with only seven per cent of the world’s 
population and eight per cent of the land area, the 
United States is today responsible for more than half 
the world’s production. 


Third, to maintain our relative position in the world 
economy and to preserve our high standard of living, 
American industry must—ten years from now—pro-- 
duce forty per cent more than it does today. 

The use of electric power, for example, is expected 
to quadruple in the next twenty-five years. Or take- 
minerals and most mineral fuels: the United States: 
has used up more of these in the last thirty years than 
the entire world did in all of history before 1914. A. 
similar growth in consumption in the next thirty 
years cannot occur unless we make profound changes 
in technology. 

Our accelerated increase in production over the 
past century has been due to the efforts of but a small 
number of companies. Only one per cent of all the: 
businesses in existence a hundred years ago are stil] 
alive today. And in a recent study by the Brooking 
Institution it was shown that only thirty-eight of the 
one hundred largest industrial companies existing in. 
1909 are still in business today. The companies which 
survived are those which have been willing to experi-. 
ment, to take risks, to innovate, to break precedent. 
Their managements have anticipated and helped to 
bring about the very changes which caused their less 
astute or less courageous competitors to slip back. 
These companies hold their place in a world of 
change. The top is a slippery place. 
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The same holds true for nations; like industrial 
organizations, they will decline if they are not con- 
tinually alert to the needs of the future. The law of 
life for industrial organizations and for nations is the 
same: “adapt or perish.” The industrial, and hence 
the politcial power of nations is dependent in large 
part on their scientific and engineering professions, 
and these in turn depend on a continuous inflow of 
capable and well-trained individuals. In other words, 
a nation progresses or falls back in the race for sur- 
vival to the degree that it succeeds or fails to afford 
each individual citizen the maximum opportunity for 
education and training. 

An essential function of leadership, in the govern- 
ment of nations as in the management of industries, is 
to plan for the future. What we do today was largely 
determined for us by the vision and action of those 
who preceded us. Likewise, tomorrow’s events will 
depend on what we plan and do today—on the wis- 
dom we use in planning for the future. Perhaps the 
most insidious weakness a nation can have is the be- 
lief, fostered by propaganda of one kind or another, 
that it can do everything better than other people. We 
in this country are subjected to this kind of propa- 
ganda in various media—such as the slick advertise- 
ments of magazines—week upon week, month upon 
month. We overlook what we do not hear much 
about, especially if it is unpleasant. 

One of the unpleasant facts which has but recently 
been mentioned is that in the field of scientific and 
engineering education our main competitor—Russia 
—is speedily passing us. According to the best esti- 
mates, the United States now has about 800,000 engi- 
neers and scientists—Russia 650,000. Disturbing as 
this is, it is insignificant as against the rate with which 
she is increasing her engineering and scientific talent 
compared with us. In 1954 she graduated more than 
50,000 engineers and scientists; we graduated 23,000. 
Mr. Allen Dulles, the Director of our Central Intelli- 
gence Agency, has stated that between 1950 and 1960 
Soviet Russia will have graduated 1,200,000 scientists 
and engineers, compared with 900,000 in the United 
States in our present program. Thus by 1960 it is esti- 
mated she will have more engineers and scientists 
than we; moreover, the rate of attrition in Russia is 
lower than ours because of lower age. 

Some may argue that Russian engineers are not 
technically as well trained as ours. This is not the 
case. It is true that they are trained in engineering 
exclusively and at the cost of their general education. 
Further, their engineering training is confined to 
narrow specializations. This is so because the Soviet 
educational philosophy is based on the premise that 
the purpose of education is to train the individual for 
the particular purpose the state requires. 

You know what kind of a job the Russians have 
done on jet engines, radar, long-range bombers, and 
- atomic weapons. Their industrial production has 
quadrupled in the last fifteen years. 

The Russian approach to education is a total ap- 
proach. They are educating as many women as men, 
and women constitute one-half of the total in the pro- 
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fessions. In contrast, in the United States this is but 
a fraction of one per cent. Can we continue to neglect 
so large a potential of trained personnel? 

While our mass production system will permit us, 
for the time being, to build more things faster than 
Russia, their engineers may soon, by their very num- 
bers, invent better machines. In rate of progress they 
are, in fact, already ahead of us. We must not take for 
granted our present technological leadership. 

There are some who believe that the United States 
is not even graduating enough trained people merely 
to sustain our present rate of technical expansion be- 
yond the year 1970. What is certain is that unless the 
number of our scientists and engineers increases at 
an accelerated rate our economy will be in serious 
trouble for lack of technological nourishment, be- 
cause our pool of graduate engineers is the source 
from which arise nearly all our technological ad- 
vances from jet engines and nylon, to earth satellites, 
atomic power, and intercontinental missiles. 

In light of these facts the present Soviet peace of- 
fensive makes a great deal of sense to the Russians. 
Recently Mr. Khrushchev said: “We don’t have to 
fight. Let us have peaceful competition and we will 
show you where the truth lies , . . Victory is ours.” 

Can we in the United States permit this challenge 
to stand? 

America’s present educational crisis is not only one 
of quantity—i.e., not enough engineers and scientists 
being graduated each year—but also one of quality. 
And this is a serious matter, for in the contest with 
Russia we must depend on greater human quality, 
since we cannot match her manpower in numbers. 

Our primary and secondary schools have recently 
come in for much criticism for not doing a good job. 
Actually, the average high school graduate of today 
is better trained than the one of seventy-five years 
ago—which should not surprise us since today’s 
school year is twice as long as that of 1870; the pro- 
portion of teachers to pupils is greater; and—even 
taking into account the changed value of the dollar— 
we spend nine times as much per pupil today as we 
did in 1870. We have thus a situation where the child 
goes to school twice as long, costs us nine times as 
much to educate, but gets only a little better educa- 
tion than he was getting eighty-five years ago. 

Unsatisfactory as this may be, the real issue is not 
whether the present-day pupil compares favorably 
with the pupil of 1870 but whether he is adequately 
trained for the demands of today’s society. I submit 
that he is not. 

I say this on the basis of study, intuition, and the 
experience I have gained from interviewing more 
than one thousand college graduates over the past 
ten years. 

My experience in selecting people may have some 
relevance for other engineers because the design and 
development of nuclear power plants is extremely 
difficult. It encompasses the most advanced scientific 
and engineering concepts in physics, mathematics, 
chemistry, metallurgy, electrical engineering, elec- 
tronics, and mechanical engineering. The problems 
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we face in nuclear power plants are indicative of 
what all branches of engineering will soon have to 
face. 

The single most important thing I have learned 
from these interviews is that all but a small number 
of the young college graduates lack proper motiva- 
tion. Some of them consider their degree merely as a 
ticket to a job, and a pass for security. They use the 
college as a “service station.” 

This desire for security in terms of money, rather 
than in opportunity for self-improvement is hard to 
understand in a society where security is so readily 
available. 

Another important point that has been made clear 
to me in interviewing young graduates is that they 
know many facts—but they have not learned many 
principles. Principles are more important than facts 
and far more difficult to master. But once a principle 
is learned it becomes a part of one, and is never lost. 
The facts we learn are soon forgotten and their mean- 
ing changes with time. A trained man knows how to 
answer questions. An educated man knows that ques- 
tions are worth asking. 

My concept of a good engineering course is one in 
which the student learns the principles of mathemat- 
ics, of physics, of mechanics, of electricity, of metal- 
lurgy, and of chemistry. A thorough understanding 
of these leads easily to handling the facts associated 
with them, 


I do not believe that “practical stuff” should be or 


can be properly taught in a university. The reason is 
easy to see. Nearly all college textbooks are several 
years behind current industrial practice. Further- 
more, they are written by men who do not have the 
latest “practical” information, so that the texts are 
obsolete even while they are being written. 

The employer who wants a “practical” engineering 
graduate is simply hiring a man who knows how to 
make the same mistakes that have been made in his 
plant for the past ten to fifteen years. 

The failure in education is not the fault of the 
educators alone. It is the fault of all of us in not rec- 
ognizing the impact of the Twentieth Century scien- 
tific revolution and taking the necessary measures in 
time. 

I have tried to give you my view of some of the 
problems that face us in engineering education. What 
can we do about them? 

First, we must see to it that every young man and 
woman who is qualified obtains a college education. 
Today less than half of those capable of acquiring a 
college degree enter college. Sixty per cent of the best 
students graduating from high school do not go to 
college. This is a tremendous loss of talent amounting 
to 250,000 students each year. And nearly half of all 
those who do start college do not graduate. For every 
high school graduate who eventually earns a doctoral 
degree there are twenty-five others who have the in- 
tellectual ability to achieve that degree, but do not. 
We simply cannot afford a waste such as this. 

Second, we must increase the funds for education. 


The United States is spending about two and a half 


per cent of the national income on education. In con- 
trast we spend more than four per cent on recreation. 
We spend more money for comic books than for all 
textbooks used in our elementary and high schools. 
In 1951 the amount spent for advertising was $199 for 
every family in the United States, but the amount 
spent for primary and secondary education was $152 
per household. This means that our national outlay 
for the education of citizens was substantially less 
than our expenditures for the education of con- 
sumers. 

It may amuse you to know that in a recent year the 
United States home permanent wave industry bud- 
geted for research into ways of improving the looks of 
human hair a sum amounting to two cents per United 
States (female) capita. The whole nation meanwhile 
was spending only three cents per capita for research 
into the distressing things that go on inside the human 
head. Sits 

Third, from what I read in the papers we seem to 
be more concerned with expenditures for school 
buildings than for spending money to obtain better 
teachers. Schools can be constructed in two years or 
less, but it takes four years to train an elementary 
or high school teacher, and seven to eight years to 
train a college professor. Our school buildings may be 
the best in the world, but can we say the same of our 
teachers? I do not mean to imply that we should not 
have the best school buildings, but perhaps our chil- 
dren would be better off with fewer buildings but 
with the best teachers it is possible to obtain. We plan 
to spend twenty-five billion dollars in the next ten 
years on school buildings. What amount are we pre- 
pared to spend for assuring better teachers for these 
schools? 

The real question is, “Can we afford not to spend 
enough for such assurance?” 

This leads me to the questions of the salaries we 
pay teachers. Compared to other professions there 
has been a considerable drop.in their purchasing 
power, particularly for those at the highest profes- 
sional levels. The deterioration at the top is so great 
that it has affected the attractiveness of the academic 
career as compared to other professions. 

In any profession, and particularly in the teaching 
profession, there are dedicated people who will work 
under adverse conditions and at low pay. But we 
must not delude ourselves that the answer to our 
dilemma lies solely in dedicated people. There will 
never be enough of these. We are not entitled to edu- 
cate our children on the philanthropy of our teachers. 
Whether we like it or not, in the culture which exists 
in the United States today the desirability of a given 
occupation is measured largely in terms of salary. As 
a rule the better people are attracted to the higher 
paying professions. This explains why the ablest 
young men and women are turning away from teach- 
ing even though numerous scholarships and fellow- 
ships are available. No such recruitment problem 
exists, for example, in medicine or in law. These have 
no lack of applicants; in fact many are turned away. 

When the income of teachers rises to the point 


A.S.N.E. Journal, May 1958 =. 261. 


R 
it 
2S 
ly 
at 
1S 
iS. 
1e 
th 
y> 
ly 
b. 
Ay 
rs 
on 
: 
ot 
ly 
ly 
it 
1e 
re 
st 
ne 
id 
ly 
ns 


ENGINEERING AND SCIENTIFIC EDUCATION 


RICKOVER 


where it competes with other professions, it will at- 
tract the right kind of people. 

Therefore, I submit that an immediate step in solv- 
ing our educational problem is to increase salaries 
drastically. It little matters that some teachers will 
be overpaid. The low salaries paid for the past fifty 
years have served to attract to the teaching profes- 
sion many who are not really qualified. It will profit 
us very little to spend millions of dollars on scholar- 
ships and then place the students under incompetent. 
teachers. Increasing salaries is the surest way to at- 
tract more competent men and women over the long 
run. Further, when salaries are increased it will be 
possible to base advancement on performance, and 
not on the basis of time served. 

Unless we quickly remedy the present treatment 
of our teaching and scholarly resources we will inevi- 
tably have morally and intellectually incompetent 
teaching staffs. Eventually the bright young man will 
sacrifice his desire to teach in favor of an adequate 
standard of comfort, decency, and security for his 
family. The movement away from teaching has ac- 
tually begun and it looks as though it will continue 
at an increasingly rapid rate. 

We all know of the nationwide shortage of elemen- 
tary and high school teachers. What is not evident is 
the real meaning of this shortage, because very few 
classrooms are ever closed because a teacher is lost. 
What happens is that teaching standards are lowered 
or the class size is raised. Both of these accommoda- 
tions are already taking place at a growing rate. 
When a teacher with the desired qualifications is not 
available, someone with lesser qualifications is hired. 
The teacher then becomes, in effect, a “baby sitter.” 

The result of this niggardly payment of our teach- 
ers—of those upon whom we depend to transmit our 
culture and our civilization—is to commit a fraud on 
our children. If the children were as astute as their 
elders supposedly are they would say: “I’m sorry, but 
I’m not ever going to be ten years old again. Can’t you 
afford to give me good teachers now?” ’ 

Another thing we can do is to increase the length 
of the school year. The present school year is based 
on the requirements of an agricultural economy 
where the children had to help on the farm. True, the 
actual number of days at school now averages about 
180 as compared with 90 days about 80 years ago. But, 
as you well know from your own experience, and 
from what your children tell you, many of these 180 
days are wasted. With the great and geometric ad- 
vance in knowledge since the turn of the century, can 
we afford to have our children devote less than half 
their available days to elementary schooling? Stu- 
dents in Europe, including Russia, attend school six 
days a week instead of five, and their vacation period 
is about two-thirds of ours. 

There is no longer a sufficient number of years left 
during youth to develop properly educated men and 
women. And we cannot keep them in school too long 
after they reach the age of twenty-two or twenty- 
three because it is then time for them to face the prob- 
lems of the world. So it is to the earlier years that we 
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must look for added learning. This problem has be- 
come particularly acute due to universal military 
training. 

Many of you occupy responsible positions in indus- 
try, and you know that the-great-inerease in our 
productive capacity comes from the optimum use of 
people and facilities. Some of the problems of educa- 
tion, particularly those concerned with administra- 
tion, are susceptible of solution by the same methods 
we use in industry. Industry cannot operate effective- 
ly on a 180-day year. Why should we think our 
schools can? 

Increasing the length of the school year, say to 210 
days, would be the equivalent of making two addi- 
tional years available before college. 

If to these two years we added better teaching, bet- 
ter school administration, and better use of school 
facilities, it is quite possible that by the time a young 
man reached the age of eighteen he could have com- 
pleted the equivalent of the present day college 
course. This is not as farfetched as it may sound. 
Something close to this has been achieved in Europe. 

Another important thing to be done is to make it 
possible for every gifted student to advance as rapid- 
ly as he is able to. It may be impossible for us to com- 
pete with Russia in the number of trained people but 
we must excel in the quality of our trained people. 
To accomplish this requires a drastic change in our 
attitude toward our primary and secondary schools— 
particularly our high schools. Up to World War I the 
high school was intended as a preparatory school for 
those who desired to continue on to college or uni- 
versity. The courses were organized on this basis and 
they did a pretty good job, considering the cultural 
and scientific climate of the time. 

But the high school of today is no longer a place 
whose primary purpose is to prepare students for col- 
lege. Instead, its purpose has proliferated into pro- 
viding educational, occupational, civic, and cultural 
training for every child. 

In this time of acute teacher shortage in our schools 
we might well consider relieving them of the prob- 
lems which could just as well be taken care of in the 
home or by other activities. Under pressure from 
various groups, courses are being given whose educa- 
tional value is questionable. Nearly half of our high 
schools offer little or no instruction in physics, chem- 
istry, or in mathematics beyond introductory algebra. 
The percentage of high school pupils who today study 
scientific subjects is indicative of this: 


1900 1950 


The high schools have been required to arrange the 
necessary curriculum to take care of the average boy 
or girl. For many children the school makes up for 
what they cannot obtain at home; and, in some cases, 
it takes the place of the home. The ones who suffer are 
the gifted children. Some parents, those who can af- 
ford to, send their children to private schools. 
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Whether or not these are really better than our public 
schools is a moot question. Certainly it is not alto- 
gether desirable to have children, during their im- 
pressionable years, associate only with those who 
have the same economic background. 

A partial solution to the high school problem lies 
in setting up two different kinds of schools, one hav- 
ing higher standards than the other. There can be no 
valid objection to this because boys and girls with 
the necessary ability could go to the more difficult 
school. True democracy does not require of us that 
we hold back the qualified; it does require that we 
give each individual the opportunity to develop his 
talents to the fullest. 

There is, however, a current of educational thought 
which is opposed to special treatment of gifted chil- 
dren. It is claimed that there are too many difficulties 
and injustices involved in recognizing ability at an 
early age, so that children of all abilities must be edu- 
cated in a common manner. It is also claimed that 
educational grouping of this sort leads to or accentu- 
ates social stratification, and is, therefore undemo- 
cratic. 

Neither of these arguments will bear critical 
examination. If it is considered democratic to give 
special care to our retarded children, as we should 
and must, why should it not likewise be considered 
democratic to help our brightest children. There are 
many things which are pure gifts and which we can- 
not acquire even by the greatest application: they 
are endowments granted to us by God. Among these 
gifts are creative artistic talents, profound sensitivity 
to art, music or literature, philosophical power, and 
scientific or engineering intuition. 

Every outstanding scientist or engineer is in his 
own way an artist. That is why he is able to reach out 
into the unknown and grasp a new truth which re- 
mains invisible to others. 

This is the reason we must seek out and cultivate 
our gifted children, for it is from their ranks that 
creative ideas will come. 

Ihave spoken of these major methods by which our 
educational potential can be improved: increasing 
the length of the school year together with better 
school administration; making sure that gifted chil- 
dren are afforded every opportunity; and obtaining 
enough good teachers. 

Here are the unprecedented educational problems 
we now face: Elementary school enrollment has risen 
from 20 million in the 1940’s to 29 million today, and 
is expected to reach 34 million in 1960. High school 
enrollment will increase from 7 million today to about 
12 million in fifteen years. But the severest impact 
will be felt by the colleges and universities where the 
attendance will increase from about 2% million today 
to between 5 and 7 million between the next 10 to 15 
years, 

To maintain the present pupil-teacher ratio the ele- 
mentary and high schools will have to enlarge their 
teaching staffs by 500,000 in the next ten years; this 
is a greater increase than took place in the previous 
thirty-five years. But to achieve a net increase of 


500,000, three times that many will have to be re- 
cruited to take care of those who leave to get mar- 
ried, to take other jobs, or to retire. And the colleges 
and universities will have to add more teachers in 
the next fifteen years than they have in all their 
previous history. 

But faced with this formidable and unprecedented 
situation, we start with a present shortage of 140,000 
qualified teachers. If the nation’s schools are to be 
adequately staffed during the next ten years more 
than half of the college graduates during that period 
will have to enter the teaching profession. But at 
present only one-fifth of the college graduates become 
teachers. 

Our difficulty arises from the fact that we are not 
living in a static society, nor do we have a static popu- 
lation. We are faced with a national problem of the 
first magnitude and a major and over-riding effort by 
all of us is necessary—the federal government, the 
state and city governments, the schools, industry, and 
other private organizations. Because we have not 
been mindful of this situation does not mean that 
others have been equally unmindful. The meaning of 
what the Russians have been doing in education now 
becomes plain. 

A partial solution and one which could be imme- 
diately effective is to enlist the aid of industry. Why 
cannot the scientists and the engineers from industry 
be given sabbatical leave to teach in our schools? The 
very shortage of college graduates and many of our 
educational problems have been created by the vast- 
ly increased requirements of industry. In 1900 the 
ratio of engineers to other workers was one in three 
hundred; today it is one in sixty—and in highly ad- 
vanced industries it has already reached the figure of 
one for about every twenty workers. 

Industry is today short more than 40,000 engineers 
and will require a minimum input of 30,000 for many 
years to come. The only serious attempt made by in- 
dustry to solve this problem has been to offer consid- 
erably higher salaries to young college graduates. 
This has resulted in an unhealthy situation where the 
small number of graduates are being sought after by 
many organizations. Recently, at one college, the 
same 200 members of the graduating class were inter- 
viewed by representatives of nearly 500 companies. 
This is not recruitment; it is inflation. We have 
learned in the case of goods that inflation can only be 
solved by greater production; this is true of college 
graduates as well. There is danger to the young grad- 
uates in being sought after so avidly. Success is too 
easily achieved, and he gains it so quickly and so 
easily that he has had no time to learn the humility 
to handle success, or even to realize that he will need 
humility. 

It is not farfetched to expect industry to help carry 
this social obligation. In present day America the 
business corporation is not a business device alone— 
it has become a social institution and has acquired the 
obligations inherent in this concept. 

We have always recognized a duality in our 


schools: federal and local support; public and private 
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support. Industrial support of schools fits into this 
duality. 

It has also been characteristic of our people that 
when a social need arose which government was not 
able to take care of, groups of citizens have joined to- 
gether to help. 

Specifically, I suggest that, at their own expense, 
industrial organizations make available their scien- 
tists and engineers for one-year periods to teach in 
our high schools, colleges, and universities. The cost 
of this will be more than repaid by the larger number 
and better trained students who will soon be avail- 
able. 

Another thing industry can do is to help finance 
education. This has already been started by some in- 
corporations in providing scholarships and other aid. 
I suggest that financial contributions to education 
rather than scholarships be made, but on a consider- 
ably larger scale than is presently the case, perhaps 
as a percentage of gross sales. These funds might be 
assigned for distribution to central groups of men not 
associated directly with industry or with the schools. 
This will eliminate any possibility of industry being 
accused of influencing education or the schools of 
being self-seeking. 

The use of manpower and funds by industry in this 
manner could be considered as a legitimate operating 
expense required for the future good of the business. 

Similar contributions by labor unions would also 
be appropriate. 

There are a number of aspects connected with this 
proposal which I would like to discuss at greater 
length, but which time does not permit. There is the 
possibility of using the funds so contributed for the 
establishing, staffing, and operating of new schools. 
There is also the possibility that scientists and engi- 
neers of each community, as part of a definite com- 


pany plan, could act as counselors for one or more 
high school students devoting a part of their time to 
helping them to become interested and proficient in 
scientific and engineering subjects. They could also 
take over the leadership of the various after-school 
clubs in science, radio, mathematics, etc., thus reliev- 
ing the teachers of this dutv. 

The United States, if it is to succeed in its role of 
world leadership, must produce citizens who have the 
wisdom, the vision, and the knowledge to grapple 
successfully with world problems; citizens who can 
see critically through conventional values and who 
are able to subject to principle and to reason all claims 
to power. 

In the conditions of modern life the rule is absolute, 
the race which does not value trained intelligence is 
lost. It will matter little what other excellences our 
educational institutions possess if they neglect to 
recognize and to foster high ability wherever it is 
found. 

The task of ensuring that every youth in our land 
is helped to his highest intellectual growth is a form- 
idable one. This task arises not alone from the mili- 
tary situation posed by Russia, but also from the 
realities of the rapidly spiralling scientific revolution. 
We are faced with a fateful challenge. The way we, 
today, meet it, will determine the future of our Coun- 
try. We must not let it be said by future generations 
that we used our intellectual and moral capital with- 
out replacing it. 

Only by an educational system strengthened, not 
only in its members and its organization, but in its 
sense of purpose can we hope to meet the obligations 
which today’s events place upon us. And only if we 
meet them can we create in our society the kind of 
leadership without which we cannot hope to meet the 
responsibilities and the possibilities that our time has 
opened before us. 


Navy WAVES comprised 55 per cent of the military personnel in the Navy 
Department in Washington, D.C., during World War Il. 
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INTRODUCTION 


A SURPRISING RANGE of welding jobs are performed 
at our plant by submerged arc automatics. Typically, 
quality is higher and costs far lower than manual 
welds. 

All-welded equipment includes high-pressure re- 
actors, vats, tanks, columns and a variety of custom- 
built processing machinery. Both internal and ex- 
ternal welds are performed automatically on either 
circumferential or longitudinal seams. 

Work dimensions are equally varied. Vessels range 
in diameter from 3 to 13 ft. and may be up to 50 ft. 
long, Plate thicknesses vary from % to 1% in., widths 
from 36 to 140 in. and lengths from 7 to 45 ft. 

The most frequently used material is ASTM Grade 
285B flange quality steel, but we also handle a dozen 
or more alloys on our automatics regularly. Despite 
these variations, weld quality has to be tops because 
most of the vessels are glassed after welding is com- 
pleted to withstand corrosion of chemicals. Flawless 
welds are a prime requisite for an impervious glass or 
alloy surface and for proper performance of the ves- 
sel. Furthermore, internal pressures range from full 
vacuum up to 225 psi. 

Company engineers have been surprised at the 
variety of jobs that can best be handled by auto- 
matics. Problems? Definitely. And we surely don’t 
have all the answers. But since we started using this 
process 14 years ago, we’ve uncovered a few which 
may be helpful to the reader. 

The key points to consider for good results with 
submerged arc welding are selection of the right 


equipment, joint design, preparation of edges, weld- 
ing procedure specifications and quality control. As 
a basis for our consideration of these factors, let’s 
review how submerged-arc welding equipment 
operates. 


EXPLANATION OF PROCESS 


The submerged-are welding process, or hidden are 
process as it is sometimes called, was relatively un- 
known 14 years ago. It was during the Second World 
War that speed-up in our welding processes was 
started to expedite production. This process really 
came into its own at that time and today is used wide- 
ly in industry. 

The submerged-arc welding process is just what its 
name implies. The are is completely covered by a 
blanket of granulated mineral material called flux, 
and cannot be seen. As the arc between the electrode 
and the workpiece generates heat, molten metal is 
deposited from the electrode under the blanket of 
flux. A portion of this flux becomes molten and solidi- 
fies on the surface of the weld metal. In this manner 
the deposited weld metal is completely protected 
from the atmosphere and is practically hydrogen 
free. Because the arc is completely hidden, the 
operator needs no helmet or glasses to protect him 
from arc flashes or spatter. The process is also prac- 
tically smoke free and the presence of obnoxious 
fumes is reduced to a minimum. 

The equipment needed for the submerged-arc proc- 
ess includes a wire-feeding mechanism, a current 
control station, power supply, a flux feeding device 
and a flux recovery unit. ' 
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Normally, a bare coiled wire is used as the elec- 
trode which is fed automatically into the weld puddle 
by a variable speed motor which is controlled either 
electronically or by straight voltage exciter con- 
trolled equipment. Coated coiled wire or bare wire 
in straight lengths are also used in other applications. 
Power supply can be either ac or de and should have 
ample capacity for long duty cycles at high current 
densities. 

Amperage, voltage, diameter of wire and relative 
motion between the workpiece and the automatic 
welding head all play an important part in determin- 
ing the appearance, penetration and quality of the 
weld. Since the are or molten weld metal cannot be 
seen, methods of guiding the automatic head must be 
devised by mechanical indicators. A projected spot- 
light beam or mechanical pointer will guide the elec- 
trode in the proper relationship to the joint. This is 
very important to the process and the author will 
relate to it later on. 


SELECTION OF EQUIPMENT 

Before automatic equipment is purchased, a care- 
ful survey should be made of the job it is to perform 
to determine: 

. Materials to be welded 

. Size and shape of product 

. Production rates necessary 
. Accessibility of the joints 

. Flexibility of equipment 

. Comparative cost 
Maintenance required 

Various types of automatic welding equipment 
commercially available today make it possible to se- 
lect the optimum apparatus for the job. We find elec- 
tronic controlled equipment and d-c motor generator 
exciter controlled equipment the best combinations. 
Both types weld almost identically; however, there is 
a major difference in initial cost and maintenance. 

Some types of equipment will take any size wire 
from 3/32 in. diameter up to and including % in. di- 
ameter without necessitating any disassembly of the 
wire-feeding mechanism. Others require a change of 
electrode drive rollers, contact jaws, wire guides, etc. 
Changes of wire sizes are often necessary due to vary- 
ing material thicknesses and welding procedures and 
so should be considered in the selection of automatic 
equipment to assure change-over without excessive 
downtime. 

Selection of positioning equipment to accommo- 
date the product should also be considered at the 
same time because motion between the welding head 
and workpiece is of the utmost importance. 

In welding pressure vessels, it is essential that the 
travel carriage and turning rolls be controlled from 
the operator’s station. Any variance in fit or out-of- 
roundness can then be remedied by either slowing 
down or speeding up the workpiece to obtain the re- 
quired weld deposit. With such controls, the operator 
can move other seams on the vessel into position and 
weld them without leaving his station. 


The welding head support should be constructed to 
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give the maximum versatility and also be rigid 
enough to prevent any whipping or vibration because 
such motion will seriously affect the weld. 

To assure adequate versatility of the welding head 
manipulator, the welding engineer must consider all 
welding aspects of the work which may be required. 
The author does not believe it is wise to have each 
station so constructed that it is limited to one set 
procedure. At a very slight additional cost each sta- 
tion can be made to weld more than one job and thus 
save many expensive production hours. Also, in the 
event of a breakdown of the automatic equipment at 
one station, another station with this flexibility can 
avoid stoppage of production. 

The author would like to add one note of caution to 
the prospective purchasers of this type of equipment. 
In the event you have the design of such equipment 
done by outside engineering firms, be sure that your 
welding engineer studies and analyzes very careful- 
ly the proposed designs. Too often equipment of this 
type is overdesigned which not only greatly increases 
the initial cost, but is more complicated to maintain 
and operate. Keep the equipment as simple as 
possible. 

EDGE PREPARATION FOR WELDING 


Preparation of edges of large diameter pressure 
vessels to be welded is very critical, and special at- 
tention must be given to this phase of the fabrication. 
Plate sizes are usually so large that machining of tre 
bevels is practically out of the question costwise. 
Therefore, in most cases the edges are prepared for 
welding by flame cutting while the plate is flat. Due 
to the waviness of plates, floating torches are used to 
help keep bevels even. Machined bevels, however, 
are highly desirable and are used in some instances, 
especially on alloy pressure vessels. A horizontal 
planer is one of the machines used to bevel straight 
plates. Multiple hydraulic clamps are necessary to 
insure flatness during machining. 

It is also desirable to have the surfaces adjacent to 
the flame-cut edges free from any rust or scale, but 
this presents quite a material handling problem. 
Therefore, the plates are normally flame cut, rolled 
and welded without cleaning. While this procedure is 
not recommended by the author, the expense in- 
volved in grit blasting or grinding the flame-cut edges 
is prohibitive, therefore, we must depend upon the 
proper filler wire and type of flux to combat welding 
defects caused by rust or scale. 

Heads for pressure vessels are trimmed in almost 
the same way as the plates. A horizontal boring mill 
with a floating torch mounted at right angles to the 
bed is used in beveling a head. This machine can pre- 
pare the edge for welding in one pass, which makes a 
squaring cut and two bevels. 


JOINT DESIGN AND SETUP 


Joints for pressure vessels must be designed to 
make possible welds which will meet operating spe- 
cifications. Bevels for pressure vessels are in no way 
different than for nonpressure types. Because of the 
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high currents used with submerged arc welding, 
bevels can be kept to the barest minimum; the high 
currents melt the base metal and in turn less filler 
metal need be added to the joint. 

The most important phase of fabrication is the fit of 
the courses to the shells and courses to the heads. 
Due to the large diameter of many vessels, it is vir- 
tually impossible to get a uniform fit-up prior to 
automatic welding. A great variation in fit-up gen- 
erally produces a weld with high stress concentra- 
tions, if not followed by postheat treatment. The fin- 
ished appearance is also impaired by the irregularity 
of the weld bead. 

It is, therefore, necessary that added precautions be 
taken at the setup stations to provide a uniform joint 
for welding. This in turn will pay off at the automatic 
weld station in quality work, and in time saved in 
re-welding or multipass work on sections of the 
welded seams. Joint geometry and relative position 
of joints on the vessels must also meet all code re- 
quirements. 

Elaborate fixtures are needed to provide uniform 
joints. However, due to the high costs involved, many 
manufacturers are still erecting these vessels by the 
old turnbuckle and clamp methods. 


WELDING PROCEDURE SPECIFICATIONS 


To set up simplified standard welding procedures 
on pressure vessels poses an almost impossible task. 
Where a standard line of vessels is built, the problem 
is not difficult. However, complications do arise in 
plants where vessels are of different material, stock 
thickness, diameter and length. 

In order to give the automatic welding operator a 
good welding procedure, it is necessary to include the 
following information: diameter of electrode, elec- 
trode type, flux, amperage-voltage, speed of travel 
(IPM) , number of passes, weld contour or reinforce- 
ment and the amount of offset of the electrode on cir- 
cumferential seams. In order to accomplish this, a 
separate procedure would have to be issued with each 
special type of vessel. 

Since this may involve considerable time and ex- 
pense, an average procedure or data sheet can be 
issued to the operators and they in turn can use this 
data sheet as a guide to make the proper adjustments 
of the equipment. After an operator is well versed in 
the operation of the automatic equipment, he seldom 
has to consult the data sheet for operating instruc- 
tions. 

When stock thickness is such that a weld from each 
side can produce a satisfactory weld, the writing of a 
welding procedure is not too difficult. The welding 
procedure becomes very difficult where multipass 
work is necessary because each pass must be num- 
bered and different settings of amperage, voltage and 
speed of travel on the equipment must be spelled out 
in the procedure. In the event vessels are of large 
diameter 10 to 14 ft. and made of light plate stock, 
Y% to % in., they are usually out-of-round or egg 
shaped. In cases of this kind we rely solely on the 
operator’s judgment to overcome the condition. 


One may ask, “Why bother with procedure at all?” 
Written procedures give three benefits: 

1. The welding operator and foreman has at his 
fingertips a guide as to speed of travel, amperage, 
voltage, wire sizes, etc. 

2. We can place the responsibility for welding di- 
rectly with the welding engineers who write the pro- 
cedure instead of with the operator or supervisor. 

3. In welding low-alloy steels the type of filler 
metal can be specified and not left to the discretion 
of shop personnel. 

The procedure should also specify the relative po- 
sition of the electrode to the joint. On circumferential 
seams the electrode must be positioned off center to 
allow for weld puddle drag. If the electrode is not off 
the vertical centerline of the vessel far enough, the 
weld metal will pile up or hump up in the center. Con- 
versely, if the electrode is too far off center, a concave 
weld will be the result with many attendant defects. 

Insufficient penetration is one of the most common 
sources of weld defects and is usually discernible by 
small pinholes through the center of the weld. Gas 
is trapped between the first pass and the second pass 
and escapes by bubbling up through the solidifying 
weld metal. 

To help in obtaining a uniform joint prior to auto- 
matic welding, the joints are inspected after they are 
tack welded together. In the event openings over 
1/16 in. are found, buttering passes with stick elec- 
trodes are used to prevent the automatic weld puddle 
from dropping through. In many cases it is custom- 
ary to backchip, grind or gouge to solid weld metal 
to insure a top quality weld. 

As the shells or courses are taken off the rolls a fast 
sealer pass is made on the outside of the shell with 
Class E-6011 electrodes. This serves two purposes. It 
holds the shell together while being moved to the 
automatic welder and secondly it provides a sound 
backup to prevent burn-through with the automatic 
welder. After the outside is welded, power turning 
rolls rotate the shell 180° and the weld is then com- 
pleted on the inside. This is standard procedure on 
all longitudinal seam welds. 

The circumferential welds are completed in exact- 
ly the reverse procedure as the longitudinal welds. 
Some of the reasons for this reversal are: 

1. In the event some sections of the seam need a 
buttering pass, due to poor fit-up, it is easier and 
faster for an operator to weld in the interior instead 
of sitting on top of the vessel or operating from a 
scaffold. 

2. A flatter weld can be obtained on the inside of 
the vessel which minimizes grinding. 

3. A better quality weld is obtained on the interior 
due to the annealing action of the outside weld. 

4. Backchipping or gouging is accomplished with 
greater ease on the outside. 


QUALITY CONTROL 


Quality control is most important during the fab- 
rication and welding of the vessel. Inspectors have 
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the sole responsibility for either acceptance or rejec- 
tion of the vessel. 

The code to which a vessel is being built determines 
inspection standards and procedure. Code U-68 speci- 
fies X-ray examination of welds. It also requires all 
weld metal .505 tensile tests, transverse tensile tests 
and root and face kends. Many customers are gradu- 
ally turning to less critical codes such as U-69 and 
the 1952 Code. 

To keep welding quality at its best, the Inspection 
Department is expected periodically to spot X-ray 
vessels as they progress through the factory, whether 
the job calls for X-ray or not. This procedure serves 
a double purpose: 

1. Production personnel never know when or 
what vessel the inspector will spot X-ray. Therefore, 
foremen are constantly checking their own depart- 
ments for poor welds and attempt to keep operators 
performing at their best. 

2. This procedure somewhat relieves the inspector 
of very critical and time-consuming inspection. How- 
ever, it does not relieve him of total responsibility for 
the vessel. 

It is the duty of the welding inspector to mark any 
defects he deems necessary to repair. Each welder is 
required to place his stamp or identification number 


next to any weld he has made. In this way, the inspec- 
tor can determine whether the individual operator is 
complying with preset standards. 

When X-ray cannot ke used, trepanning is accept- 
able as an inspection method. This method of inspec- 
tion, however, is costly and after the hole is welded 
from which the trepanning was taken, the only means 
of inspecting the welded trepan section are by dye 
penetrant, or visually. The author suggests X-ray 
wherever possible. 

CONCLUSION 


Due to the numerous advantages of submerged arc 
welding, the use of this process for joining metals is 
increasing daily. Manufacturers are constantly seek- 
ing ways to reduce costs, improve operator working 
conditions, increase production and gain better qual- 
ity and appearance. One major way of accomplishing 
this is to eliminate the operator variable by the use of 
automatic equipment. Automation has definitely en- 
tered the field of welding. The automotive industries 
are taking full advantage of the savings derived from 
automatic welding setups. 

Submerged arc welding of pressure vessels is wide- 
ly accepted and meets all code requirements. The 
author recommends it as an excellent process for 
pressure vessel welding. 


At the Navy guided missile test range, Point Mugu, California, there is a 


huge $3,000,000 electronic marvel that can perform approximately six 


million mathematical operations in five minutes, problems that would take 


an average mathematician 4 years to complete. 
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tins WAS SEATED at his desk thinking about this 
paper and waiting for his friend and co-author, when 
an old gentleman entered the room with an authori- 
tative air. 

“Professor, allow me to introduce myself: Poly- 
bius, the son of Lycortas, an historian of the second 
century, B, C.” 

“I am very honored, Mr. Polybius. To what do I 
owe the honor of your visit?” 

“You are about to write an article on the pioneers 
of electrical communications. I should be very grate- 
ful to you if you would remember us, who believe we 
were truly pioneers of telegraphy. Think of the alpha- 
betical code for visual signalling, described in my 
Icropiac. You see, I am talking to you in the name of 
the syndicate of ancient communications, of which, 
by the trust the entire group placed in me, I am 
President.” 

“But,” interrupted Perucca, “I see that you are 
well informed about our work; therefore, you prob- 
ably know that we are going to write on pioneers of 
electrical communications.” 

This time it was Polybius who interrupted. 

“Will you speak about kilometer, meter and centi- 
meter waves, along with communication by radio?” 

“We shall mention them, but only briefly,” an- 
swered Perucca. 

“Exactly,” he continued, “and now that so much is 
known about the nature of light, won’t you want to 
touch briefly upon radio communication using ex- 
tremely short microwaves?” 

Perucca was about to argue this point, when Poly- 


bius disappeared. Professor Gori had entered the 
study and Perucca had awakened with a start. 

We are beginning badly, if we mix dreams with 
history! 

THE BEGINNING 

The twenty-year period from 1729 to 1748 was 
characterized by an increasing number of experi- 
ments on the transmission of “electrical fire.” It seems 
natural, therefore, that someone in that period would 
have thought of using the wondrous properties of this 
“fire” for electrical signalling at a distance. Such a 
thought is attributed to Benjamin Franklin and even 
though his attempt—a line four miles long (6.5 km) 
—failed, perhaps because of defective insulation or 
perhaps because the electrostatic condensers were 
too weak, this did not detract from the importance of 
the idea. 

But electrical signalling without a code is? not 
telegraphy; the use of an alphabetical code for trans- 
mission of a language had been proposed by Polybius 
in an era when long distance transmission was limited 
to the use of a few torches. Since at least one other 
alphabetical code is known to have existed prior to 
that of Polybius, one must bear in mind that the latter 
only modified it. 

In the transmitting station, two groups of three and 
eight torches (or similar fires) formed two clusters of 
three and eight lights, respectively; when kindled 
fully or partially in all possible combinations, they 
provided twenty-four distinct signals, as many as 
there were letters of the alphabet (Julius, The Afri- 
can). Polybius proposed the use of two clusters of 
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five lights each, and from them he got twenty-five 
signals, using only ten lights. 

The practical need to use a code for alphabetical 
transmission was not ignored by many pioneers in 
electrical communications. For example, the anony- 
mous C. M., to whom the first project on electrical 
alphabetical communication is attributed (the pith- 
ball telegraph), used as many separately insulated 
wires as there are letters of the alphabet. This multi- 
plicity of wires rendered practically useless not only 
this particular method of transmission, but all similar 
many-wired systems developed during the next 
three-quarters of a century, even after the advent of 
galvanic electricity in which the electric current is 
generated by Volta’s pile. 

In the 80 years following C. M.’s proposal, we 
acknowledge only two essential achievements in 
telegraphy. 

In the first experiments already referred to, “elec- 
trical fire” seemed capable of an infinite velocity. The 
idea must have been unacceptable to many, and al- 
though it had been known for some time past (Ole 
Romer, 1675) that the velocity of light was very great, 
no one seems to have recognized the relationship be- 
tween the velocity of light and that of electricity. This 
would have explained the “infinite” velocity experi- 
mentally found for the electrical fire. 

The concept of infinite velocity was certainly not 
accepted by James Alexander, who in 1756 suggested 
to Franklin that the electrical experiments be re- 
peated, using a thousand-mile line instead of the 
short lines which had been used previously. 

Franklin’s immediate reply, precisely two cen- 
turies ago, may be considered somewhat inexact and 
unacceptable today; however, in our opinion, it was 
a broad and penetrating idea, commonplace today, yet 
still far from being completely mastered by the physi- 
cists of the 18th century: to explain this spectacular 
velocity of electricity along the wire, he postulated 
that it was not the electric fluid itself which travelled 
the entire length of the wire at such a high velocity, 
but rather it was a question of the propagation of 
motion. 

If the [said] tube be filled with water, and I inject an addi- 
tional inch of water at one end, I force out an equal quantity 
at the other, in the very same instant. 

And the water forced out at one end of the tube is not the 
very same water that was forced in at the other end at the 
same time; it was only in motion at the same time. 

The water itself does not travel at a great speed, but 
the speed of displacement may be great. 

Actual measurement of the speed of electricity 
along a conducting wire was not made until 1834, by 
Charles Wheatstone. 

The other important development in the 18th cen- 
tury was the work of the Jesuit father Joseph Bozolus 
(1767), a professor of philosophy at the Roman Col- 
legium, who experimented by transmitting an alpha- 
bet using only one electric line of two parallel insu- 
lated wires; the gap between the wires at one end of 
the line was used for connecting the plates of the 
Leyden jar; then a spark burst in the little gap at the 
other end. 
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The interesting feature of Bozolus’ system was his 
alphabetical code, made by combining a certain num- 
ber of successive sparks at irregular time intervals. 
Morse’s code, some seventy years later, was of the 
same type, but considerably more practical. 

One might mention the electrostatic telegraph of 
the French mechanic L. Lomond (1787). However, 
the account which we found of it was too abstract to 
permit a full understanding of its operation. In con- 
clusion it is stated that Monsieur Lomond electrically 
transmitted messages to Madame Lomond across the 
house by means of only one conducting wire. 


ELECTRICAL COMMUNICATIONS BY WIRE 


The new century began with the announcement of 
Volta’s pile and the continuous electric current. In 
the same year the Spanish physician and physicist 
Francisco Salva y Campillo, who had previously in- 
vented a telegraph run by electricity produced by 
friction, used galvanic current (from Volta’s pile) to 
transmit signals. 

Following this discovery, experiments with tele- 
graphy increased tremendously during the first years 
of the new century, and, at the first indication of the 
practicality of the telegraph, a number of patents 
were issued. 

We should like to mention Samuel Morse imme- 
diately, but it seems better to talk of Volta first, for 
he also attempted to use electricity for transmitting 
at a distance. He introduced electrolytic methods of 
receiving signals, but the discovery of electromagne- 
tism, tweny years later, by H. C. Oersted* (1820), 
gave rise to a new series of accomplishments. 

These accomplishments are associated with names 
highly esteemed among physicists. Oersted himself 
began the series, and two other illustrious men we 
cannot forget here are Gauss and Wheatstone. 

Carl Frederick Gauss, the giant of physics and 
mathematics, together with his colleague W. E. 
Weber, apparently had no intention of creating a 
telegraph—he wanted a rapid means of communica- 
tion between the physics department and the ob- 
servatory in Gottingen, a distance of 1.5 km (1833). 
He devised a practical communications system, using 
one line with two wires and a needle galvanometer 
to receive the messages. He used a code composed of 
groups of successive deviations of the needle, both 
positive and negative. 

After a number of attempts, Charles Wheatstone, 
well-known inventor of the Wheatstone bridge, and 
William Fothergill Cooke perfected (1840) a tele- 
graph with only one galvanometer needle and only 
one line, which was constructed and remained in use 
in England for several decades.** 


*Perhaps also announced by the writer and journalist G. B. Romag- 
nosi, a dilettante in “electricism.’’ He probably described it, but in 
such an obscure and incomprehensible article of A t 3, 1802, pub- 
lished at Trent in a periodical entitled Ristretto dei Foglietti Uni- 
versali, that it is quite difficult to understand which phenomenon he 
was referring to. 

**The first telegraphic line, under the Wheatstone-Cooke patent, 
released on June 12, 1837, was put in service (1838) between London 
and West Drayton (13 miles) for the Great Western Railways Com- 
pany. The original line had 5 needles and 5 wires; this was reduced to 
2 needle and 2 wires, and finally to 1 needle and 1 wire (in the 1840 
patent), because the Operators found this type quicker and easier 
to use. 
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Both Gauss and Wheatstone used positive and 
negative impulses always of the same length for their 
codes. In the code used by Gauss and Weber, as many 
as four such successive impulses were used to repre- 
sent one letter. When the Morse code was established, 
only one type of impulse—either always positive or 
always negative—was used. However, the code with 
both signs of the current was later re-introduced and 
was widely used in such applications as W. Thom- 
son’s syphon recorder, for example. 

In 1837, five years after the famous trip aboard the 
Sully, during which time he developed the idea of his 
telegraph, Samuel Finley Breese Morse finally ob- 
tained a patent for it. But seven more years passed 
before the first official telegram was transmitted 
(Washington to Baltimore, May 24, 1844) with his 
apparatus. 

For a century the Morse telegraph has maintained 
its popularity in the face of more recently developed 
instruments, mainly because of the basic nature of its 
operation and the simplicity and strength of its com- 
ponent parts. For example, in Italy there are still 
15,000 registered Morse telegraphs, as compared to 
3000 teletype systems. 

The history of those years from 1832 to 1844 reveals 
a sordid story of dishonest business interests which 
developed over patent rights; but it also records in- 
numerable episodes worthy of the purest senti- 
mentalism. 

Just to pay homage to Morse, we will mention the 
malevolent comments on his work which appeared 
in a recent Italian book on the history of science; but, 
in the same book, the malignant criticism is largely 
neutralized by these lines: “from this type of tele- 
graph of (1837) to that of the present day, which still 
bears Morse’s name . . . the most important inno- 
vations were introduced by Morse himself.” 

We should also like to mention sweet Miss Annie 
Ellsworth. During the blackest, lean years for Morse, 
on the evening of March 3, 1843, he was waiting for 
the law on telegraph appropriation, already approved 
by Congress, to be signed by President Tyler. On that 
evening, Congress was closing its session and pre- 
ceding laws also needed the President’s signature. 
Morse, who was waiting in the Congressional room, 
finally gave up hope and went home to sleep. The next 
morning Miss Ellsworth, the daughter of the Com- 
missioner of Patents, brought him the happy news 
that the bill had been signed. 

What did Morse offer her in his gratitude? She was 
to transmit the first message. And thus it was: Miss 
Ellsworth on May 24, 1844, selected the message 
“What hath God wrought.” Morse himself, with this 
verse of the Bible, sent the first official telegraphic 
message in the United States, seated at his apparatus, 
installed for the occasion in the Supreme Court room 
of the Capitol. Alfred Vail, Morse’s able collaborator, 
received it at a distance of 70 km in the Mount Claire 
railroad station in Baltimore. 

Would it have been better to have rewarded Miss 
Ellsworth with the promise of future shares of stock 
in the Morse Telegraph Company? We Latins do not 


think so, and in Morse’s action we find a sentiment 
which renders him a dear fellow to us. 

With this apparatus and the Morse code, the tele- 
graph was born, and by the middle of the century it 
has been established internationally. 

Actually the name “telegraph” had been coined by 
Claude Chappe (1791) to identify his device for opti- 
cal transmission and the term became popular, par- 
ticularly in France and Russia. All children that still 
read Alexander Dumas’ stories know that the Count 
of Montecristo often used the optical telegraph. 

There was, however, a great need for a receiver 
capable of tracing the signs of the code; only in this 
case could the apparatus deserve the title of tele- 
graph. It is difficult to say who was the first to realize 
the advantage of a means of recording the incoming 
signals. Perhaps it was Harrison Gray Dyar (1828), 
or Edmund Davy (1838), or Alexander Bain (1846), 
or even Morse himself (1832). 

In the equipment used by Morse in 1844, the signals 
of the Morse code were received on a strip of paper 
tape in the form of permanent mechanical impres- 
sions. It was then a true telegram. An almost incredi- 
ble number of different systems were suggested be- 
fore a definitive one prevailed in practice—the one 
which records in ink. 

Augustus Steinheil, however, was the first to use 
a device giving a permanent record—in the form of 
dots on a paper ribbon. His practical telegraph, based 
on the system developed by Gauss and Weber, was 
already functioning in 1837 between Miinchen and 
Bogenhausen (3 km). 


INCREASE IN NUMBER OF SIGNALS 


The Morse code used about forty different signals, 
enough to transmit letters, numbers and punctuation. 
The next step was to use the normal alphabet—the 
dream of the anonymous C. M. Wheatstone also had 
thought of receiving the signals on an alphabetical 
dial (dial telegraph). At about this same time the 
printing telegraph was developed. Alfred Vail, 
Morse’s collaborator, mentioned in a book (1845) 
that the printing telegraph was in existence in 1837. 

The alphabetical telegraph, whether or not it 
printed, necessarily introduced synchronism into 
electrical communications. There were two types, 
both of which were outstanding. One was the start- 
stop type, exemplified, for instance, by Wheatstone’s. 
printing telegraph (1840). This type is often attri- 
buted erroneously to Ludwig d’Arlincourt (1861). 
The other was a true synchronism, of which there 
was a classic example in David E. Hughes’ printing 
telegraph developed in 1855, but applied to interna- 
tional use only since 1868. 

The start-stop type was so devised that through the 
same electric impulse, one sending and one receiving 
device were disengaged simultaneously (with the 
exception of the time necessary for the electric trans- 
mission). Both devices completed one cycle (usually 
one revolution of the wheel) within the same time. 
If there were, for example, 40 signals to be distin- 
guished, the same number of electrical contacts uni- 
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formly distributed along the edge of the two wheels 
could effect a two-way correct correspondence be- 
tween the transmitted signal and the received one, if 
synchronism between the two wheels were accurate 
to about 1 per cent. Synchronism within this limit 
was delicate but not difficult. 

If one considers that in the present teletypewriters 
there are only five signals, to which are added the 
disengaging signal and a final signal to reset the ma- 
chine, the start-stop seems an apt device for a rudi- 
mentary but adequate synchronism. 

True synchronism may be obtained, and we might 
even add “easily,” as long as the transmitting and 
receiving instruments are tightly coupled. Paul La 
Court’s phonic wheel (1878) served excellently for a 
number of decades, and we would not say that the 
assemblies used today in television are conceptually 
different, although a great deal more refined. 

The start-stop principle and the principle of true 
synchronism have alternated in popularity in teleg- 
raphy. At present, with the preeminence of the Bau- 
dot code, the start-stop principle predominates. In the 
transmission of images, however, particularly in tele- 
vision, true synchronism is used. 

P. L. Schilling may be called a pioneer in the 
Baudot code. In the same year (1833) in which the 
Gauss and Weber telegraph appeared, Schilling 
pointed out that by combining two opposite signals, 
furnished by a direct current either positive or nega- 
tive, there resulted from five successive impulses a 
number of distinct signals (2°=32) sufficient for 
telegraphy. But Schilling made the mistake of using 
five lines for transmission and five needle galvanome- 
ters for reception; in this way the five impulses which 
determined a letter could certainly be simultaneous, 
instead of being in a series as in Baudot’s code; but 
the advantage derived from the speed of transmis- 
sion could not compensate for the expense of the 
multiple line. 

Emile Baudot amended this code (1874) by using a 
series of impulses on one line only, and so the code 
must be associated with his name. The intrinsic value 
of the code was the uniform balance in the composi- 
tion of each signal: five impulses (positive or nega- 
tive) were necessary and sufficient for each one. 

Baudot merits a place of the highest honor in the 
history of the teletypewriter, by virtue of his combi- 
nateur or printing translator. It is the device for 
automatically translating each electric signal of Bau- 
dot’s code into a printed letter. 

Baudot, an engineer in the Post Office and Tele- 
graph Company of France, did not perfect his trans- 
lator without a great deal of work: the device which 
evoked a favorable comment from his superiors was 
the thirty-third! But, when he made his first test be- 
tween Paris and Bordeaux on November 12, 1877, the 
apparatus at once proved to be a huge success. 

The translator did not solve the entire problem of 
the teletypewriter, but it was an essential part of it. 
The teletypewriter uses a standard typewriter key- 
board, so arranged that when a key is struck, the five 
impulses of the corresponding letter, plus the two 
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terminal signals, are sent. At the receiving station it 
is necessary that the set of arriving impulses activate 
the translator in order that the transmitted letter can 
be imprinted upon paper. Every teletype station must 
have a translator fit for both sending and receiving 
letters; H. L. Krum and E. Kleinschmidt introduced 
it during the years of the First World War. Thus, the 
teletypwriter was born, and as far as it is economical- 
ly feasible, it has replaced every other type of tele- 
graphic machine. 

The next—more ambitious—aim was to transmit 
telegraphically a manuscript or drawing, or even a 
picture, perhaps even a picture in color. For this 
process, it was necessary to increase greatly the num- 
ber of distinguishable signals. The original 32 signals 
in the Baudot code were expanded to about 60 
through using double rows of symbols similar to capi- 
tal and small letters on a typewriter. Even this was by 
far insufficient to transmit pictures, and a new system 
had to be developed for sending halftone reproduc- 
tions and for use in television. 

In halftone photo-engravings, the image is formed 
of a lot of black dots—from 1000 to 5000 per square 
centimeter according to the degree of refinement re- 
quired in the reproduction. For satisfactory but less 
detailed reproductions, such as appear in news- 
papers, a smaller number of dots per square centi- 
meter is sufficient. In order to transmit a picture 
electrically, with the same degree of refinement that 
a photo-engraving has, one needs as many distin- 
guishable signals as there are dots. If a color repro- 
duction is desired, a trichromatic method is used, 
tripling the number of signals. 

Although telegraphic transmission of images does 
not require perfection attained in certain methods of 
photo-engraving, thousands of distinct signals are 
still needed to define the reproduced image. 

For certain types of handwriting transmission 
(facsimile) , a simple apparatus such as Elisha Gray’s 
teleautograph (1893) was—and is—quite sufficient. 

But, preceded by initial developments by Bain 
(1843) , Blackwell (1847) and Hipp (1851), Giovan- 
ni Caselli’s pantelegraph must be mentioned. It was 
put in service in 1855-56 and tested on the Paris- 
Amiens line until 1861. It was then placed at the 
public’s disposal, on the Paris-Lyon telegraph line on 
December 16, 1865, and later, on the Lyon-Marseilles 
and Paris-LeHavre lines. However, a full quarter of 
an hour was needed to transmit one image. The trans- 
mission proved to be so expensive that the pantele- 
graph lines were taken out of service after three 
years. 

Nevertheless, two very fundamental concepts were 
established with this instrument, which can be con- 
sidered the prototype of modern phototelegraphic 
and television equipment. In the pantelegraph, cor- 
rect scanning of the image and adjustable synchro- 
nism at the receiving station were attained. Today, 
although about seven minutes are still needed to 
transmit a 10 cm X 12 cm image by phototelegraphy, 
a television image is registered in about 1/25 of a sec- 
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ond. With television, moreover, there is simultaneous 
sound transmission. 

Everyone knows that nowadays living scenes and 
movies are the daily program of Television. This is 
the culmination of the efforts of G. R. Carey (1875), 
who was the first to use selenium in photoconduction, 
and of Paul Nipkow (1884), who invented the first 
scanning device—Nipkow’s disk. 

Finally, telephony was an even more ambitious 
goal for electrical communications. A famous popular 
science writer, Guillaume Louis Figuier, in the 
middle of the 19th century wrote: “Telephony or 
musical telegraphy has as its purpose the establish- 
ment of correspondence between two distant persons 
by means of a combination of a few easily recognized 
sounds.” Well, it is a rather uncommon definition, but 
we can accept it! 

It is a pity that there is so much bitterness associ- 
ated with the invention of the telephone, an invention 
we do not hesitate to consider the greatest aid to hu- 
man affairs which man has ever invented. 

The reader of these’ pages will realize that the 
pioneers in electrical communications often had try- 
ing years, and not only due to difficulties encountered 
in their work—for this would only add to their fame 
—but there were difficulties caused by business dis- 
putes, and from these no one, pioneer or not, emerges 
greater or purer. 

The history of the telephone, like the histories of 
other significant inventions, reveals a rather sordid 
story in which the justifiable ambition of the inventor 
meets with the meanest business deals and national 
prides. 

Innocenzio Manzetti, an obscure mechanic from 
Aosta, Italy, probably had the original idea for the 
telephone, or perhaps it was Antonio Meucci, a Flor- 
entine artisan who migrated to Havana and then to 
the United States, or Phillip Reiss, or perhaps still 
others. Certainly it was Reiss (1860) who first used 
the name “telephone” to designate the entire appara- 
tus. 


The question of who invented a reasonable trans- 
mitter is also a very difficult one. Charles Bourseul, 
an official in the French Post Office and Telegraph 
Company, proposed (1854) to modulate a current by 
using a thin plate which, vibrating as a result of 
sound waves, would open and close the circuit. Phillip 
Reiss built such a device in 1860. Of course, it did not 
have the fidelity to reproduce recognizable words; it 
could repeat a sound so far as it contained one domi- 
nant frequency. 

In the beginning, in order to have telephonic cur- 
rent modulated by a voice, Manzetti, Meucci (1871) ,* 
Bell (February 14, 1876) and others who, almost 
simultaneously with Bell, filed their patent applica- 
tions for a telephone (Elisha Gray, February 14, 1876, 
two hours later than Bell; J. W. McDonough, April 
10, 1876) , all used the reversible telephone. But the 
energy obtainable in the modulated current was so 


*Only in 1886, three years before his death, did he see the priority 
of his patent recognized bv the Smreme Court of the United States, 
but it had expired years before 


weak as to be serviceable in a line only several hun- 

dred meters long. Still more, this possibility could 

only exist owing to the extreme sensitivity of the 
human ear. 

Then to whom are we indebted for the telephone? 
We would say: 

(1) To Hughes (1877) belongs the credit for the 
carbon microphone and for this name. This can 
supply an audio current with a power greater 
than that which a simple telephone can produce. 
The names of the following should be associated 
with Hughes: Thomas Alva Edison, Emile Ber- 
liner and, especially, Henry Hunning, who had 
first proposed a granular carbon microphone. 

(2) To Edison (1877) goes the credit for the micro- 
phone transformer which, by increasing the volt- 
age of the audio current, permits a long distance 
transmission. 

(3) To Alexander Graham Bell goes the honor of 
founding one of the most grandiose of technical- 
industrial, and later scientific, organizations in 
existence. 7 

On October 9, 1876, the first telephone line in the 
world was put into service, connecting Boston with 
Cambridge, Massachusetts, a distance of a little over 
three kilometers. In March of 1877, subscribers were 
accepted. The first telephone exchange in the world 
was established several months later at Lowell, 40 
km from Boston, with 45 subscribers. On J uly 9, 1877, 
the Bell Telephone Company was founded and by the 
end of that year there were 2600 telephones in use in 
the United States. 

In January, 1878, telephone offices were opened in 
New Haven and Detroit. By 1900, two million tele- 
phones were in use throughout the world. In 1952, 
approximately eighty million were in existence, of 
which forty-nine million were in the United States. 
Washington has more than one telephone for every 
two inhabitants; in Milan, there is a telephone for 
every three inhabitants. 

A new chapter in the history of the telephone began 
with the Connolly brothers and MacTighe of Wash- 
ington (1879). They developed an automatic tele- 
phone exchange with eight numbers, and demon- 
strated it at the Paris Exposition in 1881. In 1886, G. 
B. Marzi independently designed and constructed the 
first automatic telephone exchange with ten numbers, 
which operated for three years in the Vatican 
Library. 

But the automatic telephone really became a prac- 
ticality with Almond B. Strowger’s patent applica- 
tion (1889) for a telephone exchange of a thousand 
numbers. The patent was granted in 1891, and in 
1892 the first automatic telephone exchange was 
opened to the public, in La Porte, Indiana. 

Progress was slow. Even in the 1902 edition of the 
Encyclopaedia Britannica, a telephone exchange with 
two thousand numbers was cited as the largest, but 
there were also prudent comments on the possibi'ity 
of fuller developments. Europe had to wait until 1908 
for the opening of its first automatic telephone ex- 
change (Hildesheim, 1200 numbers). 
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LINES 

So far we have discussed only te’egraphic devices, 
tut the importance of the line was immediately evi- 
cent in order that the cost of each type of telegraph 
riight not become prohibitive. Therefore, im the pre- 
c2ding pages we have mentioned only very brie‘ly the 
t2legraphic methods which used more than one line. 
S‘urthermore, was a line to contain two wires, or, 
more economically, one wire, since it uses ground to 
close the circuit? 

There is quite enough material on the use of only 
one wire to write a lengthy history of lawsuits and 
first rights of invention. 

Steinheil (1838) found out that he could transmit 
even if one wire of the two-wire line was broken and 
on the ground—but others had already pointed that 
out. Then there was Francisco Salva who, anticipat- 
ing what might be easily deduced quantitatively by 
applying Ohm’s laws (1827) to an earth plate, 
pointed out at the end of the 1700’s that a galvanic 
current could use the ground as a return lead—a fact 
which had been known about electric fire for a cen- 
tury. 

Was the use of only one conductoz for the trans- 
mission of electrical communications a true improve- 
ment? Even now it is difficult to answer affirmatively. 
If there are many telegraph lines in a region with a 
single conducting wire (the return lead being the 
ground) some inconvenience can arise and the more 
costly and more advantageous two-wire lines are 
preferable. 

Once the telegraph had been proved practical, the 
next goal was to join the most distant parts of the 
world. But the energy conveyed along the line was 
quickly exhausted, and in the useable conducting 
wires (iron, brass, copper) a relay was needed about 
every ten kilometers to recharge the line without dis- 
tortion of the signal. 

Morse, together with Leonard D. Gale and Joseph 
Henry, mace an elementary relay, but a more com- 
plizated problem arose as soon as it became known 
that; a signal was distorted on a long aerial line, and 
to an even greater extent in an underwater cable and 
in a grounded one. 

The idea of spanning the Atlantic Ocean with a 
telegraph cable had already been Morse’s dream 
(1842), but what a long story was involved in its 
realization! Made possible by the use of gutta percha 
insulation (W. Siemens, 1846), this project was to see 
its practical fulfillment after two big failures, only at 
the laying of a third transatlantic cable in 1866. 

The following contributed substantially to the 
success of the transatlantic telegraph cable: William 
Thomson’s use of the syphon recorder (1867); the 
Mcrse code in the form known as trivalent, also 
attributed to Thomson (instead of sending unidirec- 
tional dots and dashes, both negative and positive im- 
pulses are used, one for the Morse code’s dots and the 
otker for the dashes) . 

The difficulties encountered in underwater tele- 
graphy gave rise to many important theoretical 
studies, such as Thomson’s works, and, much later, 
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those of O. Heaviside (1889). From the works of the 
latter, the terms pupinization (Michel Pupin, 1899) 
and Krarup loading (Karl Emile Krarup, 1902) of 
the cables claimed their origin. As a result of these 
studies, the speed of signal transmission was in- 
creased and signal distortion was reduced, both with- 
in commercially acceptable limits. 

Neither of these two methods for improving the 
properties of lines has lost its importance, even 
though the advent of electronic amplification has pro- 
vided considerably more efficient methods for multi- 
plying the effective transmitting distance and for 
overcoming signal distortion. Electronic amplifica- 
tion appears even more powerful when one considers 
the part it plays in long distance telephony, at dis- 
tances previously considered impossible. 

It behooves us, nevertheless, to mention that, be- 
fore the advent of electronics, the telephone relay 
(for example, H. E. Shreeve’s mechanical amplifier, 
1903) had also achieved some promising results in 
long distance telephony. 

The problem of the highest utilization of the line 
became more urgent as the length of the line in- 
creased. Now, for several years past, this subject has 
been included as a regular chapter in texts on in- 
formation theory, but, in an empirical form, it had 
kecome apparent soon after Morse’s initial experi- 
ments. 

To Bain (1846) goes the credit for the perforated 
paper strip, prepared at the telegraphic sending sta- 
tion according to a code patterned after the Morse 
code, and;then placed. in the transmitting apparatus. 
Wheatstone’s automatic telegraph (1859) is the very 
machine which, by substituting the perforated paper 
strip for manual operation, increases appreciably the 
speed of telegraphic transmission and the utilization 
of the line. Today it is said that it “increases the flow 
of signals” on the line. 

A simple instrument (the duplex, 1853) was sug- 
gested by Julius Wilhelm Ginth to effect simultane- 
ous telegraphy in two directions on the same wire. 
The same concept was later perfected by use of the 
artificial line (1854, C. Frischen; 1872, Joseph Barker 
Stearns). 

Only two years after the duplex system, the diplex 
was suggested (1855) by Stark, whereby two tele- 
grams could be sent in the same direction on the same 
wire at the same time. Other complex transmission 
systems followed, such as Edison’s quadruplex 
(1874) and the various multiplexes. 

Moses G. Farmer introduced the idea of sharing 
one telegraph line among several pairs of users, by 
placing it successively at the disposal of each pair for 
a very brief time, but sufficient for the transmission 
of each one’s message. To Baudot, however, goes the 
credit for the first multiplex system (1874). 

In connection with the problem of the highest uti’i- 
zation of the line, three other developments are worth 
mentioning: 

Francis von Rysselberghe solved (1887) the invit- 
ing problem of te’egraphing and te'ephoning on the 
same line. 
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Edmond Laborde pointed out (1860) that the pos- 
sibility of simultaneously sending alternating cur- 
rents of different frequencies on the same line and 
picking them up at the other end of the line with 
separate resonant receivers (the principle in sub- 
stance was that of the vibration frequency meter). 

Paul La Court (1873) used this principle for a 
multiplex transmission, but Elisha Gray’s name is 
especially remembered among the pioneers (1874) of 
this harmonic telegraphy, which could transmit up to 
a dozen messages on one line at the same time. 

Whom must we remember at this point as the 
pioneer in the use of electromagnetic waves on a wire, 
modulated to transmit signals, either telegraphic or 
telephonic, or both, or even better, a wire carrying 
at the same time a lot of channels on each of which a 
communication distinguishable to a distinct receiver 
could be sent? To this unknown pioneer must be 
given the credit for the prodigious results of the 
— of channels used today in a single coaxial 
cable. 


PARENTHESIS 


Here we must pause for two reasons: 

One, the techniques which science in continuous 
development has placed at our disposal, are gradual- 
ly bringing together, in the field of electrical com- 
munications, the use of both types of communication 
—with and without conducting wires. 

Two, we want to limit ourselves to the pioneer 
phase only, but we can no longer overlook relatively 
recent contributions, especially in the field of elec- 
tronics. Without this mention of electronics, we have 
experienced some difficulty in writing our preceding 
pages. 

It is very doubtful that J. J. Thomson, W. Kauf- 
mann and F. Braun could have foreseen the ultimate 
uses of cathodic rays constituting, according to O. 
Lodge’s picturesque expression, “the fourth state of 
matter.” It is equally doubtful that T. A. Edison, H. 
Hertz, G. Elster, H. Geitel, or even O. W. Richardson 
could have foreseen the uses of thermoelectrons and 
photoelectrons. 

We would say that the first practical applications 
of electronics were J. A. Fleming’s high frequency 
rectifier diode and the triode announced almost at 
the same time by Robert von Lieben (Austria, March 
4,1906) and Lee de Forest (U.S.A., October 25, 1906) . 

But prior to these, Ferdinand Braun comes to 
mind. At least two devices which are among the most 
significant in current electrical communications tech- 
nique claim their origin in this man’s studies: the 
crystal rectifier (1877) and Braun’s tube (1897) 
which, after having been used in the first quantitative 
experiments on the nature of electrons, has“ become 
the progenitor of the cathode ray oscilloscope which 
can be considered unquestionably the very heart of 
the countless wonders of modern techniques—from 
radar and related instruments, to television, to de- 
vices which can measure time in millimicroseconds. 


Here we meet Lee de Forest, who, protected by all- 
inclusive patents, was strongly determined to extend 


his authority upon a lot of inventions, and to go down 
in history as a leading figure in litigation. 

But in texts which seem to be devoid of prejudice 
or concealed profits (and in the first decades of the 
century there was a great deal of these) , von Lieben 
is given as the inventor of the telephone thermionic 
amplifier (1911), and to Alexander Meissner (1913) 
is attributed the oscillator employing an electrical 
triode. 

Now none of the three would have made much 
progress without the work of Irving Langmuir 
(1913) and the contemporary work of H. D. Arnold, 
who showed the necessity of using very high vacuum 
tubes to attain the required constancy and fidelity. 

And now let us remember at least two more names: 
the thermoelectronic oscillator would not have 
reached its present stage of development without W. 
G. Cady’s researches (1922) on the use of quartz 
(piezoelectric) plates as the best frequency control- 
lers and without G. W. Pierce’s (1923) oscillator cir- 
cuit, stabilized by means of a piezoelectric plate. 


WIRELESS 


One of us, fearing another visit from Polybius, 
would have maintained that visual signalling be- 
tween stations in ancient times was really electro- 
magnetic communication. However, the ancients 
were content to keep the same system for thousands 
of years, without making perceptible improvements. 

It is necessary to come to Claude Chappe (1791) 
in order to find a substantially improved optical sig- 
nalling system, and we have already said how wrong 
it was to invent the name “telegraph” just in order 
to baptize it. The system was a network of stations 
for regular service between distant cities. Between 
Paris and Lille, for example, a distance of about 200 
kilometers, 22 repeater stations were needed. At the 
time of Napoleon’s downfall, the network in France 
consisted of 1800 km of “telegraph lines” and the 
number of stations rose to 533 before the advent of 
electric telegraph. The system was also used in other 
countries, notably in Russia. 

But Chappe’s work was a swan song rather than 
that of a pioneer, and optical transmission has no 
place here. 

“Wireless communication” has a very different 
meaning. 

History tells us how the philosopher Giambattista 
Della Porta, known to many for his Magia Naturalis 
(1569) , described therein an experiment with mag- 
netic needles, in which, as one needle was turned on 
an alphabetical dial, the other turned just as much on 
a similar one, so that both were indicating the same 
letter. And the story had some credit, even though it 
was prudently stated that not every magnet can pro- 
duce such “sympathetic” needles. It seems that Gali- 
leo himself considered the possibilities of transmitting 
signals at a distance “by attraction of needles.” A 
serious word came from a French father Leurechon, 
who maliciously wrote about such a discovery: “It is 
wonderful, but I do not believe there is such a mag- 
net; moreover, it is not practical [imagine! ] since be- 
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trayals would take place too frequently and too 
mysteriously.” 

Yet in 1711, in Addison’s Spectator, the story was 
repeated, embellished with the moving episode of two 
friends who communicated with each other across 
cities, mountains, seas, deserts, and even an entire 
continent. It later became poetry. 

Again: “wireless communication” has another 
quite precise meaning; there was no hope for a rea- 
sonable method of wireless electrical communication 
until the discovery of magnetic induction (1831, Mi- 
chael Faraday); but the hope, which was born in 
Morse himself, was short-lived. Not until J. C. Max- 
well’s powerful synthesis and H. Hertz’ miraculous 
experiments was it possible to transmit energy by 
electromagnetic waves and to produce and receive 
such waves. Well, it seems that neither of these great 
physicists was concerned with using his waves for 
the transmission of signals. 

It was up to a self-taught, persevering young man 
from Bologna, endowed with a rare understanding 
of physics, the twenty-year-old William Marconi, to 
begin (1894) the research which led him to results 
worthy of the fame and honor bestowed upon him. 

In the beginning things were difficult for him also, 
even though his difficulties did not last as long as 
Morse’s for example. Marconi also suffered from the 
skepticism of responsible agencies, the irony of sev- 
eral contemporaries, the disputes over priority and 
the struggles to establish his transmission system on a 
practical basis. 

Marconi certainly made use of devices which were 
already known (Augustus Righi’s oscillator, O. 
Lodge’s coherer, Popoff’s antenna). It must be said, 
however, that he substantially improved each one. 

In our opinion, in the very beginnings of radiotele- 
graphy when very little was known about the im- 
portance of the ground and of the antenna’s functions, 
the greatest credit due to young Marconi is for having 
realized the overwhelming importance of tuning be- 
tween transmitting and receiving stations. Marconi 
probably would have had very poor results from his 
tests if he had not held steadfastly to this belief and 
cherished it, as far as possible, from the very begin- 
nings of his experiments, when he succeeded in trans- 
mitting wireless signals up to a distance of several 
hundred meters (1895, Pontevecchio, near Bologna). 

Two years later (1897) wireless telegraphy was 
established across the Bristol] Canal (5 km between 
Lavernock Point and Flatholm). Two years later the 
English Channel was spanned (50 km) and two years 
after that, the Atlantic Ocean between Poldhu (Eng- 
land) and S. Giovanni di Terranova—a distance of 
4500 km, on December 12, 1901—too. 

Distance had been conquered quickly by wireless 
telegraphy, but by very primitive means. A long road 
still lay ahead, but it was travelled in a few decades! 

Electromagnetic waves from a spark generator 
were notably weak, and no means was known at the 
end of the century for obtaining the continuous elec- 
tromagnetic waves needed for radio telephoning. 
With W. du Bois Duddel (1900), who recognized the 
276 
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negative resistance characteristic of the arc and hence 
the possibility of obtaining from it a persistent oscil- 
lation with fixed frequency, hopes of generating con- 
tinuous oscillations of high frequency (on the order 
of 10° cps) took shape, and a little later (1903) they 
were realized by Valdemar Poulsen. 

This did not stop F. W. Alexanderson, spurred on 
by R. A. Fessenden, from constructing a high fre- 
quency alternator (still only 0.5 < 10° cps) with an 
iron rotor (1906). It did-not prevent R. Goldschmidt 
(1907) from making his medium frequency alterna- 
tor to be used in connection with a frequency multi- 
plier. Thus in a very well known treatise, much later 
(1926), the generators of high power continuous 
waves are mentioned in order of importance—and 
the order is exactly Poulsen, Alexanderson, Gold- 
schmidt. Oscillatory circuits using thermoelectronic 
tubes are still neglected. 

With the realization of continuous waves, Fessen- 
den’s ardently desired dream of radiotelephony by 
means of modulation of carrier waves finally came 
true. Radiotelegraphic communication was estab- 
lished on December 11, 1906, between Brant Rock 
and Plymouth, Massachusetts (18 km). A few days 
later Telefunken sets were attaining 40 km (Decem- 
ber 20, 1906). 

Two vears before this (Rend. Acc. Lincei, Vol. 13, 
p. 86, 1904), Quirino Maiorana’s account of his ex- 
periments with the wireless telephone appeared. He 
communicated telephonically between two distant 
points of the Istituto Superiore delle Poste e Telegrafi 
(Rome) through numerous intervening walls of the 
building. A little while later he repeated his experi- 
ments between the same institute and Monte Mario 
(Rome), a distance of 4 km. 

After an interval of fifty years, it is easy to judge 
how “out of line” Maiorana’s complex apparatus was. 
After improving his equipment, and by using Poul- 
sen’s are (instead of the previous high frequency 
spark), he achieved radiotelephonic communication 
(1997) between Rome and Messina, a distance of 500 
km; but at the same time Fessenden had just spanned 
the 500 miles separating Brant Rock from Washing- 
ton. 

These are the same years which mark the birth of 
the thermionic tube, but a number of years went by 
between its first applications in radio receiving and 
the time when its paramount importance was assert- 
ed in the generation and amplification of high fre- 
quency oscillations. One must bear in mind that in 
1914, yet, Marconi described and patented a multiple 
spark transmitter to obtain “nearly” continuous 
oscillations. 

A little later (1915), a small electronic generator, 
producing a very weak antenna current, was experi- 
mented upon in Italy. 


RADIO TRANSMISSION 
For many years several fundamentals of radio 
transmission were unknown. Gradually the use of 
long waves in long distance transmission gave way to 
short waves. Marconi’s name is still (1916) associ- 
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ated with research on short waves and their practi- 
cal acceptance. We should mention as pioneers the 
large number of amateur radio operators during the 
1920's. 

To short waves (A= 20 + 100m) falls the honor 
of having for the first time circled the world, a trip 
requiring a little less than % second. It was only in 
1924 that the first radio communication between air- 
craft and ground stations was finally established by 
short waves, and this contact, made so tardily one 
might say, was spectacularly successful: from a %- 
watt transmitter in the aircraft, communication was 
established with ground stations at a distance of ap- 
proximately 3000 km. 

Later on, research entered the field of ultra-high 
frequency waves (A= 2 + 10m). 

Before the introduction of these ultra short waves, 
there was some attempt to find the direction of the 
received wave. The radiogoniometer of E. Bellini and 
A. Tosi (1907) is the only apparatus to be remem- 
bered here. 

Afterwards, through use of the ultra-high frequen- 
cy waves, wireless came to the straight line radio 
communication, which owes its development to ever- 
shorter wavelengths, down to decimeter values. Here 
the parabolic reflector gives a gain of 10° both in 
transmission and reception; here the power of a 1- 
watt transmitting set is as effective in the favorable 
direction as a 1-kw transmitter.* 


ELECTRICAL COMMUNICATIONS IN A BROADER SENSE 


In the preceding pages we have limited ourselves 
to the more outstanding phases of electrical com- 
munications in a strict sense: the exchange of signals 
from a transmitting station to a receiving station, 
both of which are prepared for the exchange. Several 
cases of electrical communications in a broader sense, 
then, have not been mentioned as yet. We turn to 
these briefly. 

Alexander Popoff was the first to pick up electro- 
magnetic waves from a distant thunderstorm. During 
recent years Harald Norinder, in Uppsala, has been 
methodically studying the electromagnetic waves 
generated by these discharges and from them he 
plots storm charts—a field of research which is very 
promising in atmospheric physics. 

We believe everyone has heard of the wonders of 
radar and analogous systems during the war, and 
even more in peace. We deeply regret that we don’t 
know the names of the pioneers to whom we owe such 
a useful invention. 

Nor should a word pointing out researches and re- 
sults in regard to telluric currents be considered for- 
eign to our theme in general. 

Finally, referring to radio astronomy which has 


_*Perhaps Perucca was dreaming again, when at this point the Greek 
historian reappeared. 
ou were about to quote me again, but I thought it over. Down 

there,” he said, “‘they have found out about my visit to you, and I 
Was reproved because of it. I have resigned as President of the syndi- 
cate. I deserve it, however; I realize that there is nothing which 
relates my torches to radio communication.” 

We agree, Mr. Polybius. I should like to beg you to pay, on our 
behalf, our homages to Ben Franklin.” 

As Polybius was just leaving, he turned with a contrite air: 

I cannot; he is in another section, on another level. He is among 

the benefactors of humanity.” 


become so popular recently, we believe that the sci- 
entists engaged in this field are all pioneers in “active 
service”—it will be necessary to wait a few years 
before discussing this item. 

We have the impression that he who shall look at 
the pioneers in communication in a few decades, will 
find the time to be already ripe to say a few words 
on pioneers in the science of information theory. We 
have not discussed it. We have remained silent about 
too many things within these few pages. 


CONCLUSION 
We have finished.-_But while putting down the pen 


and taking a glance at the past two centuries which 
we have tried to evoke here, the words of Benjamin 
Franklin come to mind: 

There are everywhere a number of people, who, being 
totally destitute of any inventive faculty themselves, do not 
readily conceive that others may possess it; they think of in- 
ventions as of miracles; there might be such formerly, but they 
are ceased, With these, every one who offers a new invention 
is deemed a pretender; he had it from some other country, or 
from some book; a man of their own acquaintance, one who 
has no more sense than themselves, could not possibly, in their 
opinion, have been the inventor of any thing. They are con- 
firmed, too, in these sentiments, by frequent instances of pre- 
tensions to invention, which vanity is daily producing. That 
vanity, too, though an incitement to invention, is, at the same 
time, the pest of inventors. Jealousy and envy deny the merit 
or the novelty of your invention; but vanity, when the novelty 
and merit are established, claims it for its own. 

The smaller your invention is, the more mortification you 
receive in having the credit of it disputed with you by a rival, 
whom the jealousy and envy of others are ready to support 
against you, at least so far as to make the point doubtful. It is 
not in itself of importance enough for a dispute; no one would 
think your proofs and reasons worth their attention; and yet, 
if you do not dispute the point, and demonstrate your right, 
you not only lose the credit of being in that instance ingenious, 
but you suffer the disgrace of not being ingenuous; not only 
of being a plagiary, but of being plagiary for trifles. Had the 
invention been greater, it would have disgraced you less; for 
men have not so contemptible an idea of him that robs for gold 
on the highway, as of him that can pick pockets for half-pence 
and farthings. Thus, through envy, jealousy, and the vanity of 
competitors for fame, the origin of many of the most extra- 
ordinary inventions, though produced within but a few cen- 
turies past, is involved in doubt and uncertainty. We scarce 
know to whom we are indebted for the compass, and for spec- 
tacles, nor have even paper and printing, that record every 
thing else, been able to preserve with certainty the name and 
reputation of their inventors. One would not, therefore, of all 
faculties or quantities of the mind, wish, for a friend or a child, 
that he should have that of invention. For his attempts to 
benefit mankind in that way, however well imagined, if they 
do not succeed, expose him though very unjustly, to general 
ridicule and contempt; and, if they do succeed, to envy, rob- 
bery, and abuse. 

Perhaps Franklin, while writing these golden 
words, thought of the skepticism with which his 
theory on the electrical nature of lightning was re- 
ceived. We are also thinking of the sneering words to 
which the painter Morse must have listened as he 
waited, without hope, as Congress discussed whether 
the American Government should stand the expense 
for a test of his telegraph. We are also thinking of 
that insignificant Italian magazine which repeatedly 
jeered at Marconi, inviting him to send a wireless 
message at least across the straits of Messina (4 km), 
if he could. 
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At the beginning of this century, an Italian comedy 
became famous; its title was Miseria e Nobilta. Why 
do these two words come to our mind at this time? 

Nobilta. One cannot think, without emotion, of the 
significance to humanity of the development of a 
method of wireless communication capable of travel- 
ling 300,000 km a second. Or, think of the importance 
of that “SOS” which comforts, helps and often saves 
people in danger at sea, in deserts, on polar icefields, 
or abandoned to their fate, in a lonely, inadequate 
hospital. We are reopening a volume in which a few 
of the above topics are treated, and in it we find an 
account of the Service for Radio Medical Assistance 
of the International Radio Medical Center for those 
travelling at sea. It is a service entrusted to Italy. We 
are proud of it, first as men, then (please forgive us) 
as Italians. 
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Miseria. It is the moral poverty frequently accom- 
panying material wealth, which fed the most vicious 
business struggles, that developed over patents for 
electrical communications. Even in the selection of 
the distress signal “SOS,” arrogance and prestige oc- 
casioned violent disagreements! 
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= generally agree that in the annals of 
naval warfare, World War II was characterized by 
extraordinary technological development in the wea- 
pons of sea power. The refinement of sea-air opera- 
tions, improvements in radar, sonar, proximity fuses, 
and finally the harnessing of nuclear power, were but 
a few of the sensational applications of scientific 
progress to the techniques and tactics of war at sea. 

Much less dramatic, yet no less important, was the 
impact of these developments on our logistic capa- 
bilities. From a range of some 200,000 items required 
to support naval forces in 1940, we were handling 
close to 5,000,000 by the war’s end.’ Thus to the sup- 
ply operator, the prime objective was to harness this 
swiftly growing demand and establish proper control 
over a vastly expanded range of material require- 
ments. 

How the Navy met this logistic challenge during 
the war and ultimately refined its management tech- 
niques in the creation of a modern supply system is 
well known. The pattern of control is now estab- 
lished, and by intensive efforts in item identification 
and cataloguing we have pulled that five million item 
figure down to around a million and a half without 
narrowing the range of items available to support the 
highly diversified needs of the fleets. 

Today the Navy is on the threshold of progress 
which, in Admiral Carney’s words, will make World 
War II “technically ancient history compared to the 
age of guided missiles, nuclear power, atoms and 
hydrogen.” Certainly the potentialities of rockets, 


'VADM F. J. Horne, Shipmate, December 1944. 


erations Officer and later Planning Officer, NSD Yokosuka. 


lightning communication, automation, and space 
travel tax even the wildest imagination in what the 
future may hold in further technical progress. But 
one thing seems certain: the keynote is speed. 

Thus time is becoming a premium factor in virtual- 
ly everything we do. Just as the past fifteen years 
have presented problems of logistic control, the fu- 
ture promises new challenges in speed, and “lead 
time” is likely to become a more vital consideration 
as we seek to accelerate the pace of logistics to keep 
up with the demands of the future. It seems appro- 
priate, therefore, to re-examine the lead time factor 
and see if it poses any particular problems in meeting 
the demand for greater speed in modern warfare. The 
following comments are purposely broad, designed 
not to treat exhaustively with any of the propositions 
they pose, but rather to give a panoramic sweep over 
a wide range of possibilities in improving lead time. 

Alihough elementary in concept, “lead time” is one 
of the most deceptive factors in the whole field of lo- 
gistics. There are two reasons for this. First, the utter 
simplicity by which it is measured makes one vulner- 
able to the delusion that it can be shortened merely 
by reducing the number of days in an allowed lead 
time schedule and thereby automatically improve 
our logistic response. 

Second, it is little recognized that “lead time” 
really encompasses more than is implied by such 
qualifying terms as “production,” “procurement,” 
“supply” and “logistics.” Indeed, it embraces all the 
time between recognition of a need and the moment 
all requirements to accomplish a mission are met. 


AS.N.E. Journal, May 1956 279 


1S 
of : 
ri 
Cl 
ia 
n; 
of 
a 
) 


LEAD TIME 


HOWARD 


Certainly no one would argue that “lead time” is 
the sine qua non of the complex problems of logistics. 
But since time is becoming an ever more critical fac- 
tor in defense, perhaps the following six considera- 
tions offer a basis upon which this factor can be used 
to greater advantage, and the problems of “lead time” 
minimized. 

Planned Requirements: Built into the system for 
logistic support of the fleets and overseas bases is a 
procedure for the orderly build-up of material to 
meet either a new requirement or impending in- 
creases in existing demand. We call these “planned 
requirements,” and they are added to the lists of 
existing needs either as additional quantities of cur- 
rent, run-of-the-mill supplies, or as new items not 
previously supplied. 

It is vital to the activation of this process that a 
need be announced. In its purest sense, the awareness 
of certain needs to reach an operational objective 
may not always come in the form of a specific de- 
mand; it has only to be a manifest need for something, 
whatever it may be, to accomplish a task. This recog- 
nition must then be communicated to someone whose 
job it is to do something about it, whether it be a 
scientist to develop a new device, a manpower boss 
to recruit and train men, or a supply operator to get 
materials. The point is that when this need is com- 
municated, the logistic process begins, and it is this 
announcement that triggers the entire logistic 
apparatus. 

It often happens in practice, however, that plans 
are completed for the deployment of a unit, or the 
construction of an installation, or the introduction of 
new models of existing equipments into an operating 
area, without timely notice to those whose responsi- 
bility it will be to support such elements. When this 
occurs, operating requirements often appear in the 
form of emergency demands involving wholly unac- 
ceptable lead time factors. 

In the Far East during Korean operations, for 
example, a major communications installation was 
contemplated which would involve (1) some of the 
latest in radar and radio equipment, and (2) consid- 
erably increased demand for common electronic 
parts already on hand in the area in minor quantities. 
It was only as specific demands were generated from 
actual operation of the completed installation, how- 
ever, that the logistic processes were activated. Ini- 
tially, most of the demands had to be processed as 
emergencies, and the lead time involved was often 
a critical factor. An orderly build-up commencing 
with the moment it was decided to install the facility, 
however, might have prevented at least some of the 
urgencies which developed later. 

Thus it seems clear that the moment a demand is 
manifest, lead time begins, and how one uses the 
time following such discovery is crucial. The determi- 
nation of need is basic, and “lead time” lies in the 
interval between the “what” and the “when.” The 
longer the interval of time, the better is one’s plan- 
ning. The shorter the time, the more acute is the 
emergency. 
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The crucial period between recognition and an- 
nouncement, however, is not a mathematical con- 
stant in its effect uvon the total “lead time.” Thus, 
for example, ten minutes delay in calling a taxi to 
catch a train may not mean simply that one will be 
ten minutes late at his ultimate destination. If, as a 
result of the ten minutes delay, the train is missed, he 
may not arrive for twenty-four hours later than 
planned. The total loss of time, therefore, is consid- 
erably more than the few minutes delayed initially, 
and in logistics the operation of this simple principle 
can result in weeks or months of lost time. 

In coping with precisely this problem, the Com- 
mander Air Force, Pacific Fleet follows a practice of 
issuing advance logistic planning data in classified 
form based upon operational plans and impending 
aircraft deployments. Those responsible for support 
throughout the logistic cycle are thus given timely 
notice. This permits proper action to insure engine, 
component, assembly, and parts support of those 
craft by the time they are deployed, including the 
build-up of standard aviation “housekeeping” items. 

Of course, the system is not perfect, and emergen- 
cies do still occur. Nevertheless, the idea and action 
are sound, the support is far better than it could be 
without such announcement of need, and the logistic 
operation remains fluid and flexible. Bv taking ad- 
vantage of the full scope of “lead time,” the system 
is more readily adaptable to fleet air operations. 

It must be remembered that silence and the pas- 
sage of time does as much to create logistic emergen- 
cies as do unforeseen operating developments. As 
often as not, when a demand becomes manifest ini- 
tially, it is of low priority and can be met through 
normal processes. But if it is announced near the 
moment of need, it often must be processed as an 
emergency. 

This suggests that it might be profitable to apply 
the Commander Air Force Pacific practice in con- 
templated deployments of other weapons, equip- 
ments and components, such as ordnance, communi- 
cations, facilities, small boats, vehicles, hospital 
equipments, and others. By the release of deploy- 
ment and construction plans in a form designed spe- 
cifically for use by operating logistic and supply 
activities in developing planned requirements, thea- 
ter logistics could be more flexible and “lead time” 
less critical as a limiting factor in naval operations. 

Communications: Operational commanders are 
always aware of the need for keeping open their mes- 
sage circuits primarily for tactical purposes. Follow- 
ing this premise, the logistic elements do not use fast 
communications for the lower priority, routine sup- 
ply operations. They work, instead, on a lead time 
formula which includes mailing time in passing re- 
quirements through successive logistic stages. 

Although despatch facilities are not by any means 
denied logistic operators, the limitations of the com- 
munication system make it necessary to use despatch 
traffic primarily for the highest priority require- 
ments. By virtue of the choice one must make be- 
tween mailing processes and despatch communica- 
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tions, the “make known” portion of the lead time 
factor becomes generally established at the mailing- 
time figure. All subsequent action is paced to that 
medium, and despatches in logistics retain their 
status as special, out-of-the-routine procedures. 

There is no question about item emergencies; des- 
patch facilities for these are readily available. But 
the routine cyclical replenishment system and much 
of the interim requisition procedure are geared to the 
longer lead time factor. If a quicker logistic pace is 
to be established, therefore, it is submitted that fuller 
application of fast communications is a good place to 
start. 

The whole process might ultimately be geared to a 
new rapid stride and become as routine as the work- 
ing of a ticker-tape network in the financial world. 
The “making known” factor in routine operations, as 
well as in emergencies, could be reduced drastically 
if fast communications were applied across the board 
in naval logistics. 

A study of the potentialities of radio communica- 
tions as a routine supply-action medium is encourag- 
ing in terms of speed, simplicity, routing, and easy 
handling. The further possibilities of radio impulse 
hook-ups, with central automatic electrical machines, 
tape punch devices, selective routing and relay for 
supply action, tally computers, memory recorders, 
impulse activators, and other devices are indeed 
intriguing.* 

Much of the in-transit time between logistic seg- 
ments could be eliminated, the internal processing 
within segments could be reduced, many routine 
clerical evolutions might be eliminated, and the 
whole system might be brought to a fantastic pace by 
present standards. 

To be sure, one finds a number of major problems 
such, for instance, as radio circuit availability, the 
enormous cost of developing a whole logistical com- 
munications network, and the ultimate dangers of 
enemy interference. Nor would the introduction of 
such revolutionary processes be easily applied with- 
out ample expert logistic planning. But on balance, 
and without minimizing the obstacles involved, the 
application of radio and electrical devices to logistical 
operations holds promise of considerable streamlin- 
ing of the logistic process, with great reduction of the 
lead time factor. 

Processing Demands: Requirements are processed 
through successive stages in the logistic cycle in ac- 
cordance with established schedules based upon 
optimum operating conditions, The system is geared 
to a pace which is set on the basis of demand experi- 
ence, past lead time factors, storage and carrier limi- 
tations, production time, monetary investment, 
criteria, and a host of other considerations. The 
logistical apparatus is thus on a well regulated cycle. 

The important fact, however, is that “lead time,” 
insofar as it is consumed by operational logistic evo- 
lutions, is the sum of these successive steps in the 
whole cycle. Thus, arbitrary cuts in the number of 
days allowed in a lead time schedule are likely to be 


°See also, ‘Miracles Ahead in Telephone Age,” U.S. News and World 
Report, 22 January 1954, pp. 62-70. 


squeezed through each evolution to be absorbed, if 
possible, by the last few steps in the process. The 
result may be incomplete, ill-considered, or wholly 
unresponsive action. 

It is not uncommon, for example, for the purchas- 
ing activity to receive a requirement calling for de- 
livery at destination anywhere from two to six weeks 
prior to the date the contracting officer received the 
directive to buy. Hence the attempt to shorten lead 
time and improve logistic response by timetable 
manipulations accomplishes little. 

What is more significant, however, is that such 
actions often have the effect of disrupting the routine 
machinery as well. Obviously, with relatively few 
urgencies, the system is well able to absorb the 
“shock” of non-routine demands. However, when 
battle fronts erupt as, for example, Korea, the shock 
is more pronounced. Over protracted periods, the 
shocks become more difficult to absorb, urgencies 
become so frequent as to be practically routine, and 
truly routine demands are shoved progressively 
further into the background until consumers come 
to believe that only by the cry “Emergency” can they 
get any response at all. Thus a cycle is set in motion 
which only tends to weaken the system as a whole. 

It is not difficult to imagine that in a big war, 
genuine exigencies are likely to multiply consider- 
ably, and if a faster logistic pace has already been 
falsely stimulated by arbitrary lead time cuts, opera- 
tors will find themselves virtually spinning from one 
crisis to another, responding only when blasted from 
on high. 


Although the recently implemented material pri- 
ority system is a step in the right direction, in prac- 
tice one finds that there are really only two paces 
maintained in logistic operations, and although not 
recognized as such, the measure of lead time tends to 
be expressed in terms of these two paces, namely, 
emergency and routine. There are no “half emer- 
gencies,” no “routine emergencies,” nor “deferrable 
routines.” It is either all-out emergency, or it is 
routine. 


This raises the question, then, whether more suc- 
cessful operation of the system as a whole would be 
better served by handling emergency requirements 
through other than routine machinery. If emergen- 
cies could be handled without disruption to routine 
operations, perhaps the latter could be improved. If, 
on the other hand, routine demands were processed 
at an accelerated pace through greater use of modern 
electronic and communications techniques, or be 
otherwise improved, there might be fewer “emer- 
gencies.” 


It is submitted, therefore, that only two paces in 
logistics should be recognized, namely, emergency 
and routine, and the channels for each should be 
separate. Instead of directing exigency requirements 
exclusively through normal routine channels, since 
emergencies are not confined to new demands re- 
quiring purchase action, a broadcast message to all 
major supply points in a theater or area might fill the 
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need more quickly than can be accomplished through 
“normal” channels. 

Thus, for example, in the Pacific Ocean Area, if 
Subic needs something fast in an emergency, rather 
than follow regular channels which may see the items 
issued from a continental source, it might be as well 
to tap Japan, Guam, and Pearl Harbor at the same 
time. If any area agency has the item and the means 
for getting it to Subic quickly, a series of despatch 
responses with information to the others would be 
far less costly than premium supply action from the 
States. 

There might be a number of objections to this ar- 
rangement, one of which would be that such diver- 
sions may leave the intermediate supplier in short 
supply, requiring the same emergency action to bring 
him up to level again. 

However, such procedure would not necessarily 
require one activity to deplete itself to meet the 
emergency of another. Yet, even if it did, it is reason- 
able to assume that identical item urgencies will not 
generate everywhere, or even at two points, simul- 
taneously. Thus in the replenishment of the depleted 
supplier, a routine interim resupply would in most 
instances cover him. 

With good theater control such a procedure may 
prove far more flexible than are present arrange- 
ments, and in the event of a major war such flexibili- 
ty might permit more rapid application of the prin- 
ciple of concentration. Item attention at higher staff 
levels would thus give way to system attention, and 
as procedures, channels, and media are improved, 
the items would tend to take care of themselves. 

Procurement Procedure: It is through this func- 
tion that the military finds the door to the vast 
reaches of our national economy, and, in passing 
through, one encounters a whole new universe of 
problems ranging from engineering and production 
capabilities to profit motives and politics.* In its 
singular role of operating within both the military 
and industrial orbits, procurement is quite properly 
steeped in statutory and administrative controls 
which tend to lengthen lead time sometimes to the 
point of exasperation. 

The statutes provide for quick purchase action 
when a need is compelling and of unusual urgency. 
But the law also contains definite requirements to 
safeguard the public from abuses of government 
purchasing authority, and the essential need must 
be clearly shown. 

Thus if purchase action is ultimately involved, the 
highest requisition priority and closest deadline may 
travel quickly through all logistic phases to the pur- 
chase stage only to be stopped there by the legal 
technicality of an inadequate justification for exig- 
ency contract action. Real though the emergency may 
be to the man in the fleet, if it does not fit the criteria 
for exigency purchase action when translated into 
terms of legal authority, valuable time can be lost in 
“sVADM 0. C. Badger, USN, “Problems of Command Logistics,” 


Naval War College lecture, 31 August 1950, discusses some of the vital 
points of interest. 
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securing additional justification to prevent invalida- 
tion of a contract. 

In the first six months of the Korean Campaign, for 
instance, operational emergencies of all kinds and 
degrees arose. But the interpretation of exigency 
authority under the procurement law was not uni- 
form among contracting officers and their counsel. 
Thus the response at the purchase stage varied in 
— relation to the liberality of application of the 
aw. 

Until recently, the services were operating under 
the full emergency powers of the law under a Presi- 
dential declaration of national emergency issued late 
in 1950. This authority is no longer available to the 
military departments. However, even though we are 
functioning at something less than full emergency 
conditions, the world situation today demands some- 
thing more than was envisioned by insertion of the 
exigency section of the law in 1947. 

It seems entirely appropriate, therefore, to broaden 
the exigency authority, in the absence of all-out 
emergency conditions, recognizing that we have not 
achieved the world tranquility we had expected in 
1947. Coupling this with firm policy pronouncements 
and determinations, there would be a mandate for 
premium action at all logistic stages, including pur- 
chase, without hesitation, and the risk of extending 
“lead time” on the basis of legal technicalities could 
be reduced. 

Procurement Organization: It i; encouraging to 
note a wider appreciation of the gigantic business 
management problems involved in keeping our de- 
fense forces equipped with the finest and latest 
weapons. But the great emphasis that has been given 
to the purely business aspects of our logistic opera- 
tions in recent years has tended to obscure the 
military aspects of the problem. 

Thus, for instance, it is deemed advantageous to 
provide our commercial suppliers with a single point 
of contact within the military establishment in mak- 
ing contracts for certain commodities, by the assign- 
ment of purchase responsibility to one department 
for buying all the requirements of all the services. 

What is often overlooked, however, is the very 
basic question of response to the individual military 
arms which are served by this system. From the 
standpoint of operating forces the channels through 
which demand documents must flow to reach the 
contracting officer become extended and time-con- 
suming, the processes become rigid and inflexible 
where purchase functions are performed outside the 
control of the consumer, and “lead time” indeed be- 
comes lengthened rather than shortened. The ulti- 
mate result is less logistic responsiveness. 

At its base national defense requires combat effi- 
ciency and effectiveness by fighting forces. Thus, al- 
though broad political and economic factors must 
enter into questions of military procurement organi- 
zation, such considerations should not preclude full 
examination of the effect of such arrangements upon 
the combat forces. Logistics is not an end in itself, 
and the quest for improved procurement operations 
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should not be pursued at the sacrifice of combat 
readiness and efficiency. 

It is essential, therefore, that the benefits of modern 
weapons systems, combat experience, training, and 
sound tactical doctrine not be offset by a ponderous 
and inflexible logistic organization. If the interests of 
speed and reduced lead time are to be served, logistic 
organizations, channels, and working procedures 
must be kept as simple and direct as possible, and 
purchase functions, like all others, should be attuned 
to the pace and operating demands of the fighting arm 
it serves. Any other arrangement dooms the lead 
time factor to ke longer than it needs to be. 

Delivering the Goods: Consumers and suppliers 
alike are often likely to regard delivery time as a 
function of speed and distance, that is, so many miles 
traveled at a cerain average rate of speed will bring 
me my supplies in “X” number of days. But this ig- 
nores that intangible factor called “shipment waiting 
time,” which sometimes is longer than the actual 
transport time. 

With limited transport facilities, it is understand- 
able that carriers must be operated according to 
schedules which cannot provide for the immediate 
pickup of each supply item as it becomes available 
for shipment. Thus a certain amount of waiting time 
is inevitable, and any lead time factor should, of 
course, include this period. However, unlike the 
mathematical considerations involved in weights, ca- 
pacities, cubes, distances, and speeds in actual trans- 
port, this waiting time at the operating level is s\1b- 
ject to a number of immeasurable and variable 
human factors. 

In the fields of ocean and air lift we have agencies 
striving mightily to serve three demanding masters 
whose operational commitments must be met. With 
limited spaces, tight carrier schedules, urgent opera- 
tional commitments, and heavy space demands from 
three prime users, the transport services are under 
rather constant pressure. The multiple influences 
thus brought to bear tend to force the service agen- 
cies to set their own pace and pattern of operations 
in order to render as equitable a service as is possible 
under the circumstances. 

This can lead to such situations where, for example, 
a minor official is influenced to permit one service to 
offload the material of another in order to make room 
for its own supplies. This is merely part of the human 
factor, but the enormity of its implications in prin- 
ciple is disconcerting, for it illustrates violation of an 
old maxim of the management engineers regarding 
the difficulties of serving multiple masters. Again the 
question of fundamental logistic response arises. 
The service agency, to be responsive at all, must 


almost arbitrarily establish its own norms and stand- 
ards to give as good a service as it can to all comers. 
Shipment waiting time, a significant portion of the 
total transport time, can, under such circumstances, 
become a matter of pressure, aggravation, and mis- 
representation of need, with the service agencies as- 
suming the role of adjudicator between claimants. 
The military arms, therefore, have little means for 
deciding for themselves how best to utilize the lim- 
ited facilities available to all. 

By bringing pressures on already harrassed agen- 
cies for isolated “hot” items which are competing 
with equally urgent requirements of other services, 
we attempt to improve “lead time.” But this helps 
only on individual items, and does little for the sys- 
tem as a whole. Thus the lead time “norms” and 
“standards” necessarily established by the service 
agencies should be kept under constant scrutiny and 
measured against the basic operating requirements 
of the forces they are designed to support. 

Such are but a few of the areas which might be 
explored more fully in the search for more rapid lo- 
gistic response. An important assumption underlying 
our defense effort today is that the United States can- 
not expect to have time to marshal its resources for 
months or weeks prior to our direct involvement in 
any future war. We must gain and retain a posture of 
military readiness which will permit immediate re- 
action and instant retaliation to attack. 

Indeed, as greater powers for speed, range, and 
diversity are built into our defense machinery, the 
demand will be ever greater for speedier logistic re- 
action to operational requirements. In such an at- 
mosphere, lead time will come in for some harsh 
scrutiny if it restricts our mobility and flexibility. 
Like the speedy halfback who can outrun any other 
member of his team, we must be careful not to let 
our tactical improvements run away from their es- 
sential support operations. We must not brake the 
development of new weapons and battle techniques. 
We must instead accelerate logistics and not weaken 
it by an incomplete understanding of lead time. 

By the more judicious use of all the “lead” time 
avsilable to us, fuller use of rapid communications 
and modern automation methods, recognition of two 
distinct paces and channels in logistics, refinements 
in procurement policy, application of military con- 
siderations in procurement organization, and con- 
stant re-examination of the responsiveness of service 
agencies, we may help logistics keep pace in an age of 
rocket speeds, atomic power, and astronomic dis- 
tances and thereby reduce its limiting effects upon 
operations of the future. 
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One OF THE Most direct ways to improve profit is to 
reduce costs. The engineering department shares the 
responsibility for accomplishing this objective. This 
department can contribute to profit improvement by: 
(1) action which reduces costs in other departments; 
(2) action which reduces costs in the engineering de- 
partment. 


REDUCING COSTS IN OTHER DEPARTMENTS 


The basic manufacturing and/or procurement cost 
of any mechanical or electrical product is usually 
established by the time it leaves the drafting board. 
Regardless of the efficiency which tooling or purchas- 
ing manages to achieve later, the designer may have 
set limits beyond which relatively little improvement 
can be made. The total design effect on manufactur- 
ing costs may be as much as 35 per cent of the total 
material, labor, and burden cost. Therefore one of the 
basic responsibilities of engineering management is 
to show engineers how to apply economic principles 
to all phases of design. There must be a constant effort 
to simplify design in order to lower the cost of the 
product. 

Low-cost methods of designing depend upon a wide 
knowledge of basic methods of manufacturing and of 
the specific machines and tooling in the particular 
company. Close supervision is required to insure that 
each part and product is engineered to minimum 
manufacturing cost compatible with required quality 
and performance. 


Design Rules. Some good rules to follow in designing 
for low cost are as follows: 

1. Design for maximum simplicity of all functional 
characteristics and sturdiness required in the ead 


product. 
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2. Ask yourself, “Is it absolutely required?” If pos- 
sible, eliminate the part or consolidate it with others. 

3. Design for most economical production method 
consistent with quality and quantity of output re- 
quired. 

4. Select the lowest-cost material which will fit the 
foregoing requirements. 

5. Design for minimum finishing operations. 

6. Design for ease of holding and setting up or han- 
dling the parts. 

7. Specify finish and accuracy to no greater toler- 
ances than are necessary. 

In an attempt to realize all possible savings in this 
area, some companies have set up a product-engi- 
neering group which adapts the original design to 
lowest shop costs consistent with necessary require- 
ments for quality and quantity of output. Other com- 
panies have asked the manufacturing and purchasing 
departments to suggest changes in design which 
would save money through changes in process or the 
substitution of material. 


Service Life. Some engineering departments have re- 
duced the manufacturing cost of parts and subassem- 
blies by insisting that each part and assembly be 
designed consistent with the service life of the end 
product. In one instance, where this principle was not 
kept in mind, an engineering analysis disclosed that 
parts and subassemblies used in a finished product 
with a life of 10 years were designed with probable 
service usage of anywhere from a minimum of two 
years to a maximum of 87 years. The excess life de- 
signed into some of the parts increased costs; the too- 
short life designed into other parts was bound to lead 
to customer dissatisfaction. 


Standardization. Standardization of parts can reduce 
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costs in other departments. Some companies set up a 
“standard-parts book” in which they list permanent 
part numbers of commonly used parts, such as hard- 
ware and fittings. Management approval is required 
for design and use of any hardware or fittings not 
listed in this book. 

Standard parts are purchased or manufactured in 
economic lot quantities and placed in stock. This 
saves the cost of separate purchase, receipt, inspec- 
tion, and accounting on smaller purchase orders for 
a variety of special parts. It also saves shop-ordering 
cost, setup cost, and handling cost on manufactured 
parts. 


Maximum Tolerances. The intelligent use of engi- 
neering tolerances can decrease the cost of a part and 
minimize scrap. The designer should always ask him- 
self, “Would we have to scrap this part if tolerances 
were increased +0.001 in., or +0.002 in.?” If the an- 
swer is “no,” he should incorporate these additional 
limits in his tolerances. It is especially important to 
keep tolerances loose for ease in assembly. Selective 
fitting on the assembly floor increases costs tre- 
mendously. 

The statistical quality-control department is often 
of great help where close tolerances lead to excess 
cost and result in excess scrap. 


Engineering Change Orders. Engineering change 
orders often increase the costs in other departments 
needlessly. Changes are generally issued to correct 
an engineering error, to reduce costs, to simplify 
manufacturing, or to improve serviceability. Many 
changes are made without adequate analysis of the 
cost of disposing of obsolete inventory and tooling. 
Changes should be put into effect only if the over-all 
cost and savings picture is favorable, or if they affect 
safety or the reputation of the company. 


REDUCING ENGINEERING-DEPARTMENT COSTS 


The previous section has pointed out ways in which 
the engineering department can be instrumental in 
effecting savings in the shop, purchasing, tooling, 
production control, cost and accounting, inspection 
and industrial-engineering departments. There are 
many ways in which the engineering department can 
reduce costs through proper organization and admin- 
istration of its own department. 


Organization. The engineering department should be 
organized so that work will be completed on time and 
at the lowest possible cost within the department. 
Proper organization structure depends upon the size, 
function, and personalities of the engineering depart- 
ment. In general, however, the service activities 
should be separated from the design and production 
engineering activities. Reduction in cost can often re- 
sult from proper utilization of technically qualified 
design engineers on design work and less technically 
trained people for service work. 


Planning and Scheduling. Low-cost operation of an 
engineering department calls for proper planning and 
scheduling of work. The time to complete each engi- 


neering project should be estimated in advance and 
compared with the manpower hours available during 
calendar periods by specific types of engineering 
work. This determines whether the requested data 
for the project can be met. If this is impossible on a 
normal basis, it is necessary to take corrective action 
through overtime work, subcontracting of engineer- 
ing work, or the addition of more engineers. 

A report should be issued at the end of the project 
showing the actual hours expended on the job related 
to the estimated hours. The validity of the estimate 
can be easily checked and corrective action taken in 
regard to future estimating. 

But usually this action is not enough for proper 
control. We want to know as soon as a job starts to 
over-run the estimate so that corrective action can be 
taken while the project is in process. This action is ac- 
complished by relating the hours actually expended 
to date to the percentage of completion of the job ap- 
plied to the estimated hours. If actual hours are 
greater than estimated hours, investigation should be 
started immediately to determine the reason why, 
and whether corrective action can be instituted. 

If the estimate for the project is an addition of sep- 
arate estimates by specific jobs or types of work 
within the project, actual hours expended should be 
gathered on the same basis so that a more exact pic- 
ture can be gained as to where the project is over- 
running. Some companies use a visual graph to plot 
actual progress against scheduled progress for each 
job as of the current date. This is used as an aid in 
controlling the cost of the project. 


Cost Controls and Budgets. One of the best ways to 
determine the engineering cost of any project is to 
use a time-charge system which will allocate every 
hour of each engineer’s time to a proper breakdown 
within each project. These hours, multiplied by the 
engineering cost per hour of the engineer’s time plus 
engineering overhead allocated to those hours, give 
an accurate breakdown of the total cost of the job or 
the cost of any part of the job. This engineering de- 
velops a backlog of information useful in estimating 
the cost of new projects. 


Personnel Control. Employee efficiency is directly 
proportional to employee morale. Therefore an in- 
telligent engineering-personnel program is necessary. 
Such a program should include provisions for simple 
practical methods of procurement, the handling of 
complaints and terminations, the asignment of per- 
sonnel to operating programs, the maintenance of 
history records, and the administration of wages and 
salaries. 

Proper salary administration which is based upon 
job evaluation, as well as periodic reviews of job per- 
formance by the supervisor, his superior, and the 
engineering-department personnel manager, help 
greatly to insure increased morale within an engi- 
neering department. 


Standards. Several types of standards can contribute 
to efficient operation of the engineering department: 
An engineering-procedures manual, a drafting-room 
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manual, a design handbook, and a standard-parts 
book. |: 

The engineering-procedures manual usually speci- 
fies the detailed procedures in use within the engi- 
neering department. These include policies and rules 
relating to working hours, vacation policy, rules of 
discipline, and other matters. Once a particular poli- 
cy or procedure is written, it is easier to assure the 
conformance of the entire department. 

A drafting-room manual describes company draft- 
ing practices. It is confined to information which the 
draftsman will require frequently and includes data 
on materials, design data, conversion tables, proc- 
esses, and finishes. 

The design handbook states the desired design 
methods for products manufactured by the company 
based upon equipmeat which is available within the 
company. 
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A-standards book utilizes standards set up by 
government, industry, and commercial associations, 
and by the company itself. It specifies adherence to 
these standards. The establishment of a standards- 
parts book reduces cost by eliminating repeated de- 
tailing of small utility parts used in many designs by 
a particular company. Creation of design standards 
for items such as fastener installations, electric wir- 
ing, assemblies, conduit assemblies, and sheet-metal 
cutouts eliminates the constant repetition of exten- 
sive drawing notes and dimensioning. 


Simplified Drafting. Engineering drawings can be 
simplified by eliminating nonessentials, simplifying 
delineation, and stripping all frills which do not re- 
sult in a loss of clarity or accuracy. In some cases this 
approach has reduced engineering time from 20 to 
30 per cent. 
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Cn TURBINE aircraft are most economical if they 
fly fast, and from this fact stem most of the special 
features of turbine-engined transports. This paper 
begins with a description of the kinds of gas turbine 
engines used in aircraft, and then shows briefly why 
such airplanes do fly fast. Finally, a rather more 
detailed account is given of three design problems of 
special interest. To avoid tedious repetition, it should 
be said at once that many of the statements made 
need to be qualified by reservations and exceptions, 
which have been omitted in the interests of clarity 
and brevity. 
TURBO-PROP VERSUS TURBO-JET 


Common to all aircraft turbine engines is an ar- 
rangment of air intake, compressor, combustion zone, 
and primary turbine constituting the gas generator 
(Fig. 1). The output of the gas generator is a stream 


(@) Single Spool Combustion 


Chambers 
Air Intake Compressor Fa 


(b) Two Spool 


mpressor, Combustio: 
Chambers. 


Figure 1. The gas generator. 


of gas possessing available energy in the form of heat, 
pressure and velocity. This energy derives from the 
heat energy released by the fuel burnt, and the 
thermal efficiency of the transformation depends on 
the engine design. Good thermal efficiencies require 
efficient components, a high working temperature, 
and a high pressure ratio. Some of the latest engines 
have two independent axial compressors in series, 
each driven by its own turbine (Fig. 1b). Such en- 
gines are said to be of two-spool design, and can use 
higher pressure ratios than single-spool engines. In 
forward flight, some initial compression is obtained 
by slowing down the air entering the intake, so that 
the thermal efficiency improves with increasing for- 
ward speed. 

The different types of turbine engine are distin- 
guished by the means employed to convert the gas 
energy into useful work in propelling the aircraft. 
The simplest method is to employ a nozzle designed 
to eject the gases with the greatest possible momen- 
tum (Fig. 2). The resulting engine—the turbo-jet— 
is the simplest, lightest and most compact of the gas 
turbine family, but the efficiency of conversion of gas 
energy into thrust is low because of the large 


Air Swallowed = 
Total Working Fluid 


Figure 2. Diagram of turbo-jet engine. 
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amounts of kinetic energy wasted in the high-speed 
jet. The efficiency improves with increase of flying 
speed, which is one reason why it is economical to fly 
fast on turbo-jet engines. 

Another way to improve propulsive efficiency is to 
reduce the exit velocity of the jet. This can be done 
by accelerating a larger quantity of air to a lower 
velocity. In this way the thrust, which is measured 
by the change in momentum, can be maintained, 
while the wasted kinetic energy, which is measured 
by jet speed squared, can be reduced. In the turbo- 
prop engine, energy is extracted from the jet by addi- 
tional turbine stages and used to drive a conventional 
propeller (Fig. 3). The total air flow may be in- 
creased a hundredfold and the result is an engine in 
which greatly improved fuel consumption and take- 
off thrust are obtained at the expense of increased 
weight and complication. 


Reduction 
; Turbine Driving 
Gearing Propeller 


Figure 3. Diagram of turbo-prop engine. 


BY-PASS ENGINE 
There is a range of compromise engines between 


the turbo-jet and the turbo-prop. The simplest of 
these is the by-pass engine (Fig. 4), in which part 
of the main compressor is enlarged, and the extra air 
is mixed with the primary air in the exit nozzle. The 
method is restricted by practical limitations of com- 
pressor and turbine design, and by-pass engines 
closely resemble jet engines in their characteristics. 
Small, but worthwhile improvements in fuel con- 
sumption and take-off thrust are obtained at the ex- 
pense of increased engine size. 

The ducted-fan engine is a development of the 
by-pass engine in which reduction gearing is intro- 
duced into the drive to the enlarged compressor. It 
would be possible to design such an engine to have 
characteristics anywhere between the turbo-jet and 
turbo-prop extremes, but current thinking suggests 
an engine in which the air mass flow is roughly 
trebled. Such an engine remains a close relative of 


| 
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Figure 4. Diagram of by-pass engine. 
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the jet engine, and it is probably an ideal engine for 
transports in the 500 to 550 miles per hour class. Be- 
cause of lack of ducted-fan engine development, 
these airplanes are now proposed with jet engines, 
and it is entirely possible that owing to their late 
start, and the comparatively small gains they offer, 
ducted-fan engines will be altogether lost as a type. 

Another intermediate class of engine has recently 
been announced. This has been called a “super- 
charged turbo-prop.” It is a two-spool engine in 
which the airscrew and power transmission are of 
normal size, but the gas-generator is unusually 
powerful. The result is a lightweight turbo-prop en- 
gine with a high power output at cruising speed and 
height. Fig. 5 is a rough indication of the cruising 
speeds and altitudes suitable for airplanes fitted with 
these engines. 


_Turbojet 
Supercharged Ducted | 
~ Turboprop Turboprop | 


Altitude in 1,000 Feet 


300 400 500 600 
Speed, M.P.H. 


Figure 5. Cruise speed and altitude relationship. 


OPTIMUM HEIGHTS AND SPEEDS 


The design of a succesful turbo-jet transport is an 
exceptionally difficult business, but it so happens that 
the main forces that drive the designer are easily 
understood. It is a characteristic of the jet engine 
that the thrust output and the rate of fuel consump- 
tion change quite slowly with changes in flying speed. 
If the height at which the engine is operated varies, 
thrust and fuel consumption change together, and 
are roughly proportional to air density. 


Let us suppose that we have an airplane of fixed 
shape and weight, and a whole range of engines of 
different sizes that we can fit in it. At any height the 
airplane has a best flying speed. This speed increases 
with height, and the thrust required is the same at 
all heights. If we fit small engines, the thrust will 
only be available at low altitude, in high air density, 
and the speed will be low. If we fit large engines, the 
same thrust will be available higher up. The airplane 
will fly faster, but the fuel consumption will be about 
the same, so the airplane goes farther on the same 
amount of fuel. The remarkable conclusion is that by 
fitting larger engines the speed and fuel economy im- 
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prove together, and roughly at the same rate, which 
turns out to be as the square root of the engine size. 
There is a limit to this process, which is reached 
when the flying speed is so high that the drag of the 
airplane starts to increase because of compressibility 
effects. This speed is likely to be between 500 and 
600 m.p.h. 

The cruising speed then is fixed within fairly small 
limits, and this fixes cruising height for a given shape 
of airplane. The cruising height for the same cruising 
speed can be altered by changing the wing loading. 
If the wings are made smaller, the appropriate height 
will come down, and smaller engines will then pro- 
vide the thrust. The choice of cruising altitude is fi- 
nally settled by the take-off and landing conditions. 
Short airfields mean big wings, big engines, and a 
high cruising altitude; long airfields mean small 
wings, small engines, and a lower cruising altitude. 
With airfields of the present size, the cruising alti- 
tude comes out at about 40,000 ft. 

To summarize this section:—(i) For economy, 
turbo-jet aircraft must cruise as fast as possible; the 
limit is set by compressibility. (ii) To cruise fast, and 
operate from normal airfields, turbo-jet aircraft must 
fly high. 

TURBO-PROP TRANSPORT DESIGN 


Turbo-prop airplanes are under no compulsion to 
fly fast or high, but with conventional wing loadings 
they must fly high if they fly fast. Speed can be had 
at the cost of increased engine weight, and with en- 
gines of current design, cruising speeds between 350 
m.p.h. and 400 m.p.h. seem best. The “supercharged 
turbo-prop,” will lift this to about 500 m.p.h., when 
compressibility effects on airscrew tips may intro- 
duce a limitation. 

The design conditions are less clear cut than in the 
turbo-jet case, and represent a balance between 
weight of engines and the economic worth of speed. 
A high cruising speed has sound economic value, the 
principal reasons being passenger appeal, and the 
simple fact that rate of earning is proportional to 
mean flying speed. If we take a conventional wing- 
loading of, say, 80 Ib. per sq. ft., we have a fixed re- 
lationship between best flying speed and height, just 
as in the turbo-jet case. The gas-generator size varies 
nearly as the cube of the cruising speed, instead of 
the square of the speeds as in the turbo-jet case, and 
the take-off power output soon becomes unnecessari- 
ly big. It is therefore proposed to limit the size of the 
power side of the engine—heavy items like the re- 
duction gearing and the airscrew—while the gas- 
generator size goes on increasing. The result is the 
“supercharged turbo-prop.” 

The implications of this development are still be- 
ing worked out. The cruising power, and hence the 
economical cruising speed, can be increased for 
quite small changes in engine weight, and these 
changes are predictable. Airscrew efficiency is affect- 
ed by fast cruising because the blades are traveling 
faster along their helical paths than the wing moves 
along its straight one, and so the blades enter the 
compressibility zone before the wing does. These 


changes are reasonably predictable, and are being 
steadily postponed to higher and higher speeds. 
When these effects, and many others such as the 
change in thermal efficiency with flying speed, are 
taken into account the conclusion is that we can 
make a turbo-prop airplane lighter for a given task 
than a turbo-jet up to about 550 m.p.h. cruising 


This result is so surprising that one looks for the 
snags. The first of these is that turbo-props of the 
right kind are not yet available. Turbo-jet develop- 
ment has out-stripped turbo-prop development and 
it will be three or four years before the comparison 
I have made will be valid. The second difficulty is 
noise. To a ground observer, turbo-prop airplanes 
are very quiet, and turbo-jet airplanes almost un- 
bearably noisy. Inside the airplane, it should always 
be possible to make a turbo-jet airplane quieter than 
a turbo-prop, because the airscrews are inevitably a 
source of noise and vibration. Both can be made 
quieter than piston-engined airplanes, and better 
than most forms of surface travel but it is difficult to 
be sure if this will still be true for turbo-prop air- 
planes cruising at more than about 500 m.p.h. Until 
we can be sure, we do not know whether turbo-prop 
airplanes will stop at 500 m.p.h. cruising speed, or 
rival turbo-jets over the whole speed range. 

There remains a further consideration. The turbo- 
jet engine is simpler than the turbo-prop and much 
of the extra weight of the jet airplane is fuel. It can be 
argued that fuel is cheaper than engines, and on 
these grounds, the jet airplane can be defended 
against its lighter, more efficient, but more compli- 
cated turbo-prop competitor. The struggle between. 
turbo-prop and turbo-jet divides the aircraft indus- 
try on both sides of the Atlantic, and I have men- 
tioned only a few of the points under debate. 

The remainder of this paper deals in more detail 
with three design problems which I have selected. 
They are: wing design, which is affected chiefly by 
the high cruising speed; certain lift aids, which are 
made practical by turbine engines; and pressure- 
cabin design, which is a problem arising from high 
flying. 

WING DESIGN 

Piston-engined transports, especially the long- 
range ones, all have very similarly shaped wings. The 
aspect ratio (ratio of wing span to mean chord) is 
usually about 10, and the average thickness of the 
wing is usually about 15 per cent of the chord. Such 
a wing is very suitable for present-day turbo-prop 
airplanes such as the Viscount and the Britannia and 
for speeds up to about 420 m.p.h. no better wing 
shape is known. 

If we try to push the cruising speed still higher 
we encounter what are known as compressibility 
effects, a term covering a large class of phenomena. 
The cause is simple enough. As the speed of flight 
increases, the pressure changes become more in- 
tense, initially as the square of the speed. At some 
speed, depending on the shape of the object in ques- 
tion, the pressure changes are big enough to make 
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appreciable differences to the local air density—the 
air becomes compressed—and peculiar things hap- 
pen to the airflow. Shockwaves form above the wing, 
and the airflow separates from the wing surface in- 
stead of sliding smoothly over it. The drag increases, 
and there may be vibration and loss of control. 

Analysis of these changes is excessively difficult, 
although much can be learned from high-speed 
wind-tunnel tests and the initial stages are mathe- 
matically predictable. The result, as far as this paper 
is concerned, is that the wing design must be changed 
before the cruising speed can be increased. The most 
straightforward change is to make the wing thinner. 
By reducing the wing thickness to about 10 per cent 
of the chord, the cruising speed can be raised to about 
500 m.p.h., and this may prove a very suitable wing 
for the next series of turbo-prop airplanes. 

Most of the big jet airplanes, bombers and trans- 
ports, rely on sweepback to postpone the bad effects 
of compressibility to a high speed. Sweepback does 
this, but it brings with it a crop of additional prob- 
lems connected with structural design, and with the 
stability and control of the airplane. A mass of litera- 
ture, bewildering even to the expert, exists on these 
subjects, and new reports are being published all the 
time. 

The state of mind of the aircraft industry itself is 
revealed by Fig. 6, which shows a selection of the 
wing planforms that have been proposed for large 
turbo-jet airplanes. It should make us very humble. 
A class of 12 year-olds would produce similar results 
in half-an-hour, and the uninformed must surely as- 
sume that these shapes have been light-heartedly 
tossed off as the expression of their chief designers’ 
artistic feelings. In fact, five of the six have been suf- 
ficiently well supported to be built, at great cost. 
They are the outcome of thousands upon thousands 
of hours of hard thinking and hard testing. They have 
survived competitive and sometimes bitter, technical 
argument and scrutiny; they all work, and no one is 
sure which is best. The variations arise because the 
design requirements conflict, and different design 
teams have varied the emphasis. We could not trace 
all the arguments in a year, but we can try to guess 
at the chains of reasoning leading to a few of the 
shapes, and this will have to serve. 

One line of argument runs like this. A long, narrow 
wing—of high aspect ratio—is efficient, and sweep- 
back raises the permissible cruising speed. These are 
good things so we will have them both. It helps the 
structural design to place the engines well out along 
the span to relieve the bending due to the wing lift, 
and a clever designer has found that by hanging the 
engines below the wing on stalks he can improve the 
flying qualities. The result is airplane A in Fig. 6. In- 
spection of this suggests that it would be a much 
“cleaner” airplane if the engines were buried in the 
wing. This makes the wing thicker, at least locally, 
and to preserve the high cruising speed we must in- 
crease the sweepback and the wing chord. It is con- 


venient to make the wing biggest at the roots, but . 


then the engines, with their intakes and jet pipes, 
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| F 
Figure 6. Wing planform design. 


drive tunnels through the wing structure. This is se- 
rious if the wing has a big span but does not matter if 
the wing has a low aspect ratio and sharp taper. Such 
a wing is light in weight but aerodynamically ineffi- 
cient because of the small span. There is a way out. 
By going to the limit (airplane B in Fig. 6), it be- 
comes possible to dispense with the tail and make a 
beautifully clean delta-winged airplane with buried 
engines, no tailplane, and only a rudimentary body. 
These are extremes. There is a range of intermediate 
solutions, while design E aims at preserving the good 
features of the delta while improving the inefficiently 
small span. 

This is the disappointing story of our attempts to 
design wings for airplanes flying a little slower than 
the speed of sound. For supersonic transports it is 
possible only to guess. The indications are that super- 
sonic transports, to be economical, will have to be 
very fast indeed; not just a little faster than sound, 
but three times as fast. They will cruise at least 10 
miles high, and they will almost certainly have wings 
of small span. These wings, it seems, should be either 
straight or very much swept—perhaps in the form 
of a narrow-angle delta like a paper dart. These are 
guesses, but one thing is certain, their speed will be 
wasted unless the terminal arrangements keep pace. 


LIFT AIDS 


It has been known for many years that profound 
changes in the pattern of airflow around a wing can 
be triggered off by injection of compressed air. Fig. 
7a illustrates the air flow around a wing with a trail- 
ing-edge flap deflected. The purpose of the flap is to 
increase the wing lift, which it does; but its effective- 
ness is reduced by the separation of an eddying wake 
from its upper surface, so that the gain in lift is less 
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a Airfoil with Flap 


\\ 


b Airfoil with Flap 
and Air Injection 


Figure 7. Flow over airfoil with flap. 


than theory predicts. This separation can be prevent- 
ed by a jet of air over the top of the flap, Fig. 7b, and 
the full theoretical lift increment might then be 
expected. 


Fig. 8 shows that the air injection does indeed elim- 
inate the loss, and adds some additional lift as well. 
This additional lift is due to a phenomenon known as 
super-circulation, and may be undertood by suppos- 
ing that the air jet entrains additional air from the 
main airflow, and accelerates it. The well-known 
Bernoulli theorem states that when the speed of a 
fluid is increased its pressure falls. The result is that 
the pressure over the top of the wing is reduced be- 
cause of the acceleration produced in the main air 
flow, and this accounts for most of the extra lift. The 
two kinds of lift that air injection produces are quite 
different in character. The first kind, due to elimina- 
tion of the air separation, is obtained quite econom- 
ically, but it is limited in quantity. The second kind, 
due to super-circulation, is expensive but can be had 
in large amounts—several times the normal wing lift 
—if one is able and willing to pay the price in power. 

One fascinating possibility is an airplane that can 
fly in its own slipstream. All airplanes with propel- 
lers gain additional lift because of the increased air- 
speed over the portion of wing behind the airscrews. 
It would be possible to design an airplane with lignt- 
weight turbo-prop engines, large flaps, and air injec- 
tion which would be capable of hovering without the 
use of rotors. Control would ke difficult, but such an 
airplane could be a rival to the transport helicopter. 
Immediate applications will be less ambitious. Air 
injection applied to an otherwise conventional air- 
plane can be used to reduce the landing speed, and so 
improve safety and regularity in bad weather. It also 
reduces the speed required for take-off, but this does 
not always pay kecause the loss of engine power is 
usually enough to cancel out the gains. The “super- 


charged turbo-prop” is an exception here, because it 
has gas-generator capacity to spare for air injection. 

Air injection is not the only way to control airflow. 
Strangely enough, sucking will do instead of blow- 
ing, and the turbine engine can be made to do this 
instead. Suction to improve lift uses less power than 
blowing does, but it is less positive in action, and the 
possible gains are smaller. Suction can be used to re- 
duce drag as well as improve lift, and in fact it offers 
all sorts of fascinating possibilities which have tanta- 
lized designers for years without ever quite coming 
into fruition. If suction is more delicate than air in- 
jection, jet deflection is more brutal. It is nothing less 
than turning the main blast of the jet engines down- 
wards. If the engines are sufficiently powerful the 
whole aircraft may be lifted bodily, but transport 
airplanes cannot use such big engines unless they fiy 
very high indeed, and then, of course, they could take 
off and land quite well in the normal way. As usual, 
moderation is more likely, and this takes the form of 
deflecting the jets downwards at an angle, so that the 
weight is only partially supported by jet deflection. 
The take-off and landing are then normal in appear- 
ance, but slower. 

All these devices for making airplanes fly more 
slowly increase the difficulty of providing satisfac- 
tory control, and if this is not dealt with the pilot’s 
job might get more difficult instead of becoming 
easier. Fortunately, air injection improves control 
effectiveness; and this will probably be enough for 
all moderate applications of these new lift aids. 


PRESSURE CABINS 

At a height of 8,000 ft. the air pressure has fallen 
to 10.92 Ib. per sq. in., about 74.2 per cent of its value 
at sea-level, and this is acceptable. Passenger-carry- 
ing airplanes flying higher than this are pressurized, 
and the cabin structure must be designed to with- 
stand the pressure difference. Fig. 9 shows how this 
varies with airplane altitude. A pressure difference 
of 10.92 lb. per sq. in. is enough to maintain 8,000 ft. 
cabin altitude at any height whatsoever. 

It should not be thought that pressure cabins are 
novel, or peculiar to turbine-engined airplanes. All 
the long-range passenger airplanes in use today are 
piston-engined, and all are pressurized. The pressure 
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’ Figure 8. Effect of air injection on wing lift. 
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Altitude in 1,000 Feet 
Figure 9. Cabin differential pressures. 


difference of 7 to 8 lb. per sq. in. is suitable for turbo- 
prop airplanes, and 8 to 8% Ib. per sq. in. is sufficient 
for turbo-jets, so that turbine-engined airplanes are 
not very different in this respect from the latest types 
of piston-engined aircraft. Nevertheless, the pressure 
cabin is an essential part of the turbine-engined 
transport and the associated structural problems 
must be solved. Most people have heard of “high 
level” fatigue and know that it is a disease to which 
pressure cabins are subject. 

Metal fatigue is not novel either, several disasters 
have been attributed to wing fatigue failure. It is 
reasonable to inquire if there is some fundamental 
difference between pressure-cabin design and wing 
design which makes one problem more acute than the 
other. The difference lies in the type of loading to 
which these items are subjected. A wing is designed 
to withstand the most extreme loading it is likely to 
encounter—for example, a severe maneuver or a vio- 
lent gust—and in normal use only a fraction of this 
strength is required. The normal stress level, then, is 
small compared with the stress at the design load, 
and this provides some protection against fatigue 
failure. We know this protection may not be sufficient 
but it helps. 

The biggest single contribution to pressure-cabin 
loading is the pressure itself, and this is controlled, 
known, and occurs on almost every flight. Some- 
thing quite close to the design load occurs regularly, 
and fatigue considerations dominate strength re- 
quirements. A rough representation of the two kinds 
of loading is shown in Fig. 10, and it will be seen that 
whereas wings undergo many fluctuations of load 
well below the design level, pressure cabins have a 
regular cycle of loading near the design level, with 
small fluctuations superimposed. 
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Figure 10. Loading diagrams for cabin and wing. 


Pressure-cabin structural design, then, is princi- 
pally a matter of fatigue, and we know that in se- 
curing a good fatigue life it is important to avoid 
structural discontinuities, such as notches, cut-outs 
and changes in thickness. Such cut-outs have been 
studied and it has been found that, by careful shaping 
of the holes and suitable reinforcement around the 
edges, their bad effect can be minimized. The success 
of these adaptations is measured by the “stress con- 
centration factor,” which is the ratio of the maximum 
stress in the neighborhood of the cut-out to the stress 
in the unperforated sheet. Perfect design, in this 
sense, would give a stress concentration factor of one. 

A suitable analogy is a pneumatic tire. As normal- 
ly inflated, such tires leak when puctured, but the 
damage does not spread. An over-inflated tire may 
split or explode if punctured, and so may a normally 
inflated tire if the initial damage is a sufficiently large 
cut. Pressure cabins may behave in either of these 
ways. A cabin of very efficient structural design is 
usually of the explosive kind, but may be acceptable 
with certain safeguards. If carefully maintained it 
should give a long period of safe service, and its 
eventual failure from fatigue can be forestalled by 
insisting on its replacement after a prescribed period 
of use. 

Without doubt, a high standard of safety can be 
obtained with this type of pressure cabin, but the 
more attractive idea of a pressure cabin that will 
“fail safe,” that is, leak harmlessly, is the subject of 
an increasing amount of research. Cabins of this kind 
are heavier, and this fact must be accepted. Two 
questions are of great importance. The first relate to 
the alloys of construction; metallurgists are asked to 
provide materials with properties not previously em- 
phasized sufficiently—ductility, fatigue life, and re- 
sistance to tearing. The second is the general ques- 
tion of just how to design structures which fail safe, 
wherever the initial damage may happen to be 
located. 
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a ALMOST every branch of technology today, re- 
search is being directed towards extending the 
boundaries of operating conditions by the introduc- 
tion of new or improved experimental techniques, by 
theoretical studies leading to more accurate design 
procedures and by the use of more robust materials 
for plant construction. 

In some instances, as for example in steam raising, 
the effort takes the form of stepwise increases in 
working temperatures and pressures, leading to pre- 
dictable improvements in cycle efficiencies. In others, 
as for example in exploring the structure of matter, 
the immediate objective is the attainment of tempera- 
tures and pressures likely to bring about an over- 
lapping of the electron phase spaces; to the end, 
theory suggests that pressures far in excess of any yet 
realizable in the laboratory are required, and it may 
be that entirely new methods and techniques will 
have to be discovered before the predicted values can 
be reached. In such circumstances, a close collabora- 
tion between the physicist and the engineer would 
seem to afford the best prospect of overcoming some 
of the formidable difficulties which are to be expect- 
ed when advancing on this frontier. 

It is my purpose in this lecture to give some account 
of the characteristic properties associated with high- 
ly condensed systems and highly stressed materials, 
as revealed by work carried out during recent years. 
It may be well at the outset to have in mind the order 
of pressures with which we shall be concerned. At 
the lower end of the scale is a pressure domain in 
which the behavior of a fluid is determined largely 
by a balance between the short-range repulsive 
forces and the long-range attractive forces of its 
atoms or molecules. At temperatures not too far re- 
moved from room temperature, this domain may ex- 


tend up to about 50,000 bars,* after which it seems 


*] bar = 0.987 atm. = 10° dynes per sq. cm. = 14.5 Ib. per sq. in. 
= 0.9807 kg. per sq. cm. 


probable that the liquid state will cease to exist. Tue 
second domain, which overlaps the first and extends 
to some 10° bars, is one in which solids in general 
undergo polymorphic transitions, giving rise to a se- 
ries of stable phases of progressively increasing den- 
sity. Thus, over a range of pressures of 20,000 bars, 
ice has been shown to exist in seven different forms. 
The third domain is one extending from about 10° 
bars upward, and defines conditions in which on theo- 
retical grounds it is expected that a break-down in 
the structure of matter will occur. It may be recalled 
that pressures of this order are postulated at the cen- 
ter of the earth and in many of the stars. 

At the present time, it is practicable to operate 
industrial plant at pressures up to 3,000 bars, pro- 
vided the working temperature is not too high. In the 
laboratory, it is comparatively easy to experiment at 
15,000 bars over a temperature range of several hun- 
dred degrees, while a limited amount of systematic 
work has been done at pressures as high as 100,000 
bars. This probably represents the extreme limit at- 
tainable by the use of existing materials and methods 
of plant construction. 

THE PRESSURE-VOLUME-TEMPERATURE SURFACE 

In studying the behavior of highly condensed sys- 
tems, the thermodynamic functions most amenable 
to accurate measurement are the two intensive quan- 
tities, pressure P and temperature T, and the exten- 
sive quantity, volume V. A P, V, T, surface, such as 
that shown in Fig. 1, will define the boundaries of the 
various phases of a single substance, and the regions 
in which two or more phases are in equilibrium; and 
planes cutting the surface parallel to the axes will 
give the corresponding isobaric, isometric, and iso- 
thermic diagrams. To engineers, who are concerned 
largely with energy changes, other graphical repre- 
sentations, such as the temperature—entropy and 
the various Mollier diagrams may be more familiar. 
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PRESSURE ———> 


Figure 1. Pressure, Volume, Temperature Surface. 


In Fig. 1, the solid, liquid, and gas phases are rep- 
resented by smooth surfaces extending indefinitely 
along the pressure axis. This is undoubtedly an over- 
simplified picture, since it is known that most, if not 
all, substances undergo polymorphic transitions in 
the solid phases, and there is the possibility of an 
upper boundary to the region of coexisting liquid and 
solid. Both liquid and vapor may also exist in more 
than one phase. 

The data at present available for the construction 
of P, V, T, surfaces usually take the form of measure- 
ments of compressibility or of isothermal or isenthal- 
pic expansions; they are of varying degrees of 
accuracy and, in general, any particular set of ob- 
servations covers only a small area of the P, T plane. 
The manipulation of such miscellaneous data to give 
internally consistent diagrams is, in consequence, a 
laborious and time-consuming task; and it is only re- 
cently that a systematic survey and analysis of all the 
existing data for the more important industrial gases 
has been undertaken by the Mechanical Engineering 
Research Laboratory. 

The surveys so far completed reveal few or no data 
outside the temperature range, —100 to 400 deg. C., 
or for pressures beyond 3,000 bars. Even within these 
limits, the data are in no case complete and not al- 
ways consistent; in attempting to construct working 
diagrams, it is, therefore, necessary arbitrarily to 
weight the various sets of observations, and to inter- 
polate by means of empirical equations. This situa- 
tion is far from satisfactory, when the diagrams are 
required for design purposes, and the urgent need 
for a revision and extension of the data needs little 
emphasis. In this connection, it may be of interest to 
refer to some work now in progress at the Imperial 
College of Science on the P, V, T, surface of steam. 


THE PRESENT STATUS OF THE STEAM TABLES 

The systematic investigation of the thermodynamic 
properties of steam was commenced at the beginning 
of the century by the late Professor H. L. Callendar 
and some aspects of his work formed the subject of 
the sixteenth Thomas Hawksley lecture which he 
delivered in 1929. Callendar’s outstanding contribu- 
tions in this field were the introduction of platinum 
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thermometry and _ continuous-flow calorimetry, 
which formed the basis of his experimental methods 
for the determination of specific heat and enthalpy. 
He employed a simple and thermodynamically con- 
sistent set of equations to express his results which 
were published in the form of steam tables in 1915, 
1924, and 1931. 

Meanwhile, an International Steam Table Confer- 
ence convened in 1929 assumed sponsorship for an 
extensive program of work on steam, which had been 
undertaken some years earlier as a collaborative 
effort by investigators from Czechoslovakia, Eng- 
land, Germany, and the United States of America. 
The results of this work were reported (Third Inter- 
national Conference on Steam Tables 1934) at the 
third conference held in 1934, and may be summar- 
ized as follows: 

(1) A careful comparison of the international 
and thermodynamic scales of temperatures from 
0 deg. C. to the sulphur point (National Bureau of 
Standards) ; 

(2) A redetermination of the specific heat of 
water between 0 and 100 deg. C. (National Bureau 
of Standards) ; 

(3) Three independent determinations of the 
saturation line: 

(a) from P, V, T, data by F. G. Keyes (estimated ac- 
curacy 1 part in 1 to 2,000), 

(b) from P, V, T, data*by N. S. Osborne (estimated ac- 
curacy 3 parts in 10,000), and 

(c) from P, H, T, data by A. C. G. Egerton and G. S. Cal- 
lender (estimated accuracy 1 part in 1,000). 

These three sets of data are in agreement up to 
within 4 deg. C. of the critical point after which 
they differ widely. An estimate of the differences 
is difficult to make, owing to the results being pre- 
sented sometimes as experimental figures and 
sometimes as smoothed curves; 

(4) Three investigations in the superheat re- 

ion: 

. (a) P, V, T, data by Keyes extending to 360 atm. and 460 

deg. C. (estimated accuracy 1 part in 1,000), 

(b) P, H, T, data by Egerton and Callender extending to 
360 atm. and 550 deg. C. (estimated accuracy 1 part in 1,000), 
and 

(c) P, H, T, data by J. Havlicek and L. Mishovsky t> 400 
atm. and 550 deg. C. (estimated accuracy 1 part in 35°). 

Once again, owing to different methods of pre- 
sentation, intercomparison of results is difficult, 
but, in general, there are significant variations in 
the values of enthalpy, with Keyes’ results being 
the highest and Egerton and Callendar’s the low- 
est, the difference being greater as the temperature 
increases; 

(5) Two independent investigations of the lat- 
ent heat of steam up to 365 deg. C., in the pressure 
range 100-200 atm. 

(6) Joule-Thomson coefficients by H. Davis and 
R. Kleinschmidt, in the range 1-40 atm. and 125- 
350 deg. C.; and 

(7) Specific heat data by W. Koch up to 250 atm. 
and 360 deg. C. 

Based upon a careful assessment of this data, the 
Conference prepared International Skeleton Steam 
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Tables, with agreed ‘tolerances,’ for comparatively 
large pressure and temperature intervals, the upper 
limits keing 350 atm. and 550 deg. C. From these 
Tables, a number of more detailed International 
Steam Tables have since been published, which, al- 
though differing one from the other, all come within 
the tolerances laid down by the Conference. 


On the temperature-entropy plane, the areas cov- 
ered by the experimental data referred to above are 
shown in Fig. 2. It has been pointed out by Keyes 
and Keenan (1955) that the accuracy of the data 
upon which the International Skeleton Tables are 
based is confirmed by the test of thermodynamic con- 
sistency, when the test is carried out employing the 
results of recent experimental comparisons of the in- 
ternational and thermodynamic temperature scales. 
There is, however, an urgent need for additional 
data, extending beyond the range of the Skeleton 
Tables, for boiler and turbine design, and it is hoped 
that a renewal of the collaborative effort that proved 
so successful in the past may be found possible. 

Since the 1934 Conference, the results of several 
important investigations in this field have been pub- 
lished. Moser and Zmaczynski (1939) have made 
accurate measurements of the vapor pressure of 
water from 73.5 to 128.6 deg. C., and Kirillin and 
Rumjanzer (1950) have obtained P, V, T, data over 
the range 92-524 atm. and 430-600 deg. C. Some pre- 
liminary P, V, T, data, extending to 2,500 atm. and 
1,000 deg. C. has also been reported by Kennedy 
(1950). 

Furthermore, the British Electrical and Allied In- 
dustries Research Association has sponsored a pro- 
gram of work at the Imperial College of Science, in 
which P, H, T, measurements are being made in the 
pressure range 350-1,000 atm. at temperatures up to 
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600 deg. C. It is also hoped to obtain data extending 
to 750 deg. C., but at somewhat lower pressures. The 
method that is being employed is one used in the 
earlier work of Callendar and Egerton (1935), in 
which an electrically-heated flash-boiler produces 
steam whose temperature and pressure are measured 
before exhausting adiabatically into a calorimeter- 
condenser. Improvements in materials of construc- 
tion and in the techniques of temperature and pres- 
sure measurement will, it is hoped, enable the 
projected upper limits to be achieved without undue 
difficulty. In the construction of the new plant, Nimo- 
nic 80 has been extensively used. This is a nickel- 
chromium alloy containing titanium and aluminum, 
which possesses exceptionally good creep properties 
at high temperatures. At 600 deg. C., for example, 
under a stress of 25 tons per sq. in., the extension of 
a cylinder 0.276 inch in diameter and 3 inches long 
was found to be less than 0.1 per cent in 500 hours. 

The boiler contains 100 feet of Nimonic tubing of 
inside diameter 3/16 inch and outside diameter 9/16 
inch in twelve passes, the tubes being heated by an 
alternating current passed through the walls. From 
the boiler, the steam flows into a superheater, which 
is independently heated by the same method, and 
thence into a pocket where the pressure and tem- 
perature are measured. The steam then expands 
adiabatically through a small orifice into a condenser, 
and the rate of flow and temperature of both the con- 
densate and the cooling water are measured. The 
pressure in the plant is controlled by varying the 
output of the boiler feed-pump or by changing the 
size of orifice, and the temperature by varying the 
output of the boiler and superheater transformers. 
Temperatures are measured by platinum resistance 
thermometers and pressures by a free-piston pres- 
sure balance. 


THE MEASUREMENT OF HIGH PRESSURES 

High pressures are most conveniently measured 
by some form of secondary gauge, the operative ele- 
ment of which should have a quick response and be 
of a form which can be accommodated in the experi- 
mental apparatus. Such a gauge requires calibration 
over its full range against a primary gauge which 
measures pressure in terms of fundamental units, or 
by reference to two or more fixed pressure points, 
which have in turn been established by means of a 
primary gauge. In work extending beyond 10,000 
bars, the gauge most commonly employed is one de- 
pending on the measurement of the change of elec- 
trical resistance with pressure, of a metal wire. The 
alloy manganin is particularly suitable for this duty, 
since its resistance has a low temperature coefficient 
at room temperature and changes almost linearly 
with pressure. Up to 25,000 bars, the: change in re- 
sistance with pressure can be expressed as an equa- 
tion of the second degree, the deviation from linearity 
being about 2 per cent. 

Primary gauges take the form either of a balanced 
free piston of known cross-sectional area or of a mer- 
cury column of reduced height. In both cases, the 
pressure to be measured has to be contained within 
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a cylinder which forms part of the gauge, and which 
must be sufficiently strong to withstand the resultant 
stresses without permanent deformation. This condi- 
tion sets an upper limit to their readings, which, with 
the materials of construction at present available, is 
about 12,000 bars. 


The operation of the free-piston gauge may be 
understood by reference to Fig. 3, which shows in 
section the piston-cylinder assembly. The pressure P 
to be measured is transmitted by means of some 
suitable liquid to the underside of the piston B which 
is free to move in the cylinder C but is restrained by 
a counterbalancing weight W supported at its upper 
end. If the weight of the piston is w, and its cross- 
sectional area A, and p is the atmospheric pressure, 
then under ideal conditions, when the piston is in 
equilibrium 


_ (W+w) 


The assumptions implied in this relationship are that 
the piston is truly cylindrical and free to move in the 
cylinder with friction, that no distortion of the piston 
or cylinder takes place and that there is no measur- 
able leak of liquid past the cylinder. None of these 
assumptions is valid over a wide pressure range. In 
particular, the leakage past the piston is a function 
of pressure, and results in a lifting force on the pis- 
ton owing to viscous drag, which is equivalent to an 
increase in the effective area of the piston. If the di- 
mensions of the assembly remain unchanged under 
load, it can be shown that the effective area may be 
taken, without serious error, to be the mean of the 
cross-sectional areas of the piston and cylinder. At 
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Pressure in annular space. 
Atmospheric pressure. 

W Counterbalancing weight. 
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Figure 3. Section of Piston Assembly. 
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high pressures, however, elastic deformation takes 
place, and it is possible to calculate from elastic 
theory the effect of distortion on the effective area. 
In this way, Bridgman estimates that, for his par- 
ticular gauge, the effect would require a correction 
of about 1 part in 500 at 10,000 bars (Bridgman 
1949). 

It is, therefore, necessary to modify equation (1) 
to the extent of replacing A by (A.), the effective 
area of the piston at pressure P. The value of (A.) 
cannot be calculated directly from the dimensions of 
the piston and cylinder, but may be obtained by cali- 
brating the gauge against a column of mercury of 
reduced height. We have recently constructed and 
erected such a column at the Imperial College, and 
have shown how to estimate the various corrections 
required to its readings (Bett, Hayes, and Newitt, 
1954). 

A diagrammatic layout of the column and ancillary 
equipment is shown in Fig. 4. The column consists of 
an inverted U-tube, one limb M of which is filled with 
mercury and the other, N, with liquid paraffin. The 
mercury limb consists of a stainless-steel tube 30 feet 
long, connected at each end to a steel block F, into 
which electrical contacts are screwed. These contacts 
with a suitable signalling device, serve to locate the 
mercury-oil interfaces. The two columns are con- 
tained in a water-jacket, the temperature of which is 
maintained constant to +0.02 deg. C. The pressure at 
the upper and lower end of the column is transmitted 
to one or other of two free-piston gauges A and B. 
Each gauge is provided with a screw ram injector J, 
by means of which the pressure may be adjusted to 
fine limits. 

In operating the column, the gauges A and B are 
connected alternately to the top and bottom of the 
column, and pressure is built up by increments rep- 
resented by the indicated height of mercury suitably 
corrected for the several hydrostatic heads in the 
connections. In applying corrections to the observed 
height, accurate data for the compressibility of 
liquid paraffin and mercury are required. 

By a comparison of the readings of free-piston bai- 
ance and a mercury column, it is possible to deter- 
mine the effective piston area of the balance as a 
function of pressure, including corrections for dis- 
tortion, lack of symmetry, leakage, and other causes. 
It has been found that the effective piston areas of 
pressure balances sometimes show a drift with time, 
and, in order to check them from time to time, it is 
convenient to make use of one or more fixed pressure 
points. For this purpose, the vapor pressure of car- 
bon dioxide at 0 deg. C. (34.8 bars) and the freezing 
pressure of mercury at 0 deg. C. (7,490 bars). have 
been recommended. 

Since the primary gauges described above can be 
used only to pressures of about 10,000 bars, the 
measurement of higher pressure involves the use of 
some form of secondary gauge with some uncertainty 
as to its calibration. The present practice is to employ 
a manganin resistance-gauge and to check its read- 
ings against one or more fixed pressure points, which 
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A,B Free-piston gauges. 

C,D Pipe lines filled with paraffin. 
E Insulated plug. 

F Block for electrical contacts. 
G Mercury trap. 

H Manifold. 


Screw-ram injector. 

Small injector. 

Oil reservoir. 

Limb of U-tube filled with mercury. 
Limb of U-tube filled with paraffin. 
Mercury trap. 


Figure 4. Diagrammatic Layout of Mercury Column for Measurement of High Pressures. 


have been established by other means. The only 
point which is at present available beyond the range 
of a primary gauge is the I-II transition pressure of 
bismuth (24,930 bars) which has been measured by 
Bridgman (1949), using the method of volume dis- 
continuity. By this method, pressure is transmitted 
directly to a specimen of the metal contained in a 
cylinder by means of a closely fitting piston and the 
change in volume with pressure is measured by the 
movement of the piston. Errors will arise due to fric- 
tional effects and distortions of piston and cylinder; 
and the precision of the final measurement will de- 
pend upon the accuracy with which these errors can 
be determined. Bridgman was able to measure di- 
rectly the distortion of the cylinder at the piston face, 
by means of an electrical internal gauge, and to 
minimize frictional effects by reducing the thickness 
of the piston packing rings. It is difficult to estimate 
the absolute accuracy of the final transition pressure. 
but the total frictional effect obtained by allowing 
the transition to take place for both increasing and 
decreasing pressures was about 6 per cent. Making 


use of the mercury freezing and the bismuth transi- 
tion pressures, Bridgman found that the change in 
resistance with pressure of a manganin wire could 
be expressed as an equation of the second degree, 
the departure from linearity being of the order of 2 
per cent at 25,000 bars. 

Beyond 25,000 bars, there is no method available 
for determining pressure, other than that of an extra- 
polation of the pressure coefficient of some measur- 
able property of the solid state or a direct measure- 
ment of the force acting on the specimen. At such 
pressures, stress differences in compressed solids, of 
the order of their plastic shearing strength, are to be 
expected. The shearing strength increases with pres- 
sure in a way characteristic of the substance; for 
organic compounds, for example, it may rise expo- 
nentially. In the case of certain metals, such as tin 
and iridium, however, the shearing stress is only a 
few thousand Ib. per sq. in., even at high pressures, 
and, if a sample under compression is thin enough, 
stresses sufficiently close to hydrostatic conditions 
for purposes of pressure measurement may be 
realized. 
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THE LIQUID SURFACE 

On the P, V, T, surface (Fig. 1), the liquid state is 
defined by an area bounded by the melting and bub- 
ble lines and the isotherm through the critical point, 
and there are two additional regions in which liquid 
and solid and liquid and gas coexist. The upper 
boundary of the liquid region and the upper limit of 
the melting curve are at present beyond the range of 
experimental observation, nor does theory indicate 
how they should terminate. It is not improbable, 
however, that the distinction between solid, liquid, 
and gas will disappear at very high pressure and that 
the melting curve will terminate at a critical point. 
A single substance will, in general, exist in only one 
liquid phase, but an interesting exception is helium, 
which has two liquid phases of equal density but dif- 
ferent transport properties. A portion cf the P, V, T, 
surface for helium is shown in Fig. 5, from which it 
will be seen that there is a triple point at which three 
different phases are in equilibrium but there is no 
solid. 

A considerable body of data exists on the com- 
pressibility of a wide range of liquids up to pressures 
of about 30,000 bars but over a comparatively nar- 
row temperature interval. In general, the compressi- 
bility is found to decrease with increase of pressure, 
the average compressibility at 12,000 bars being only 
about 1/15 that at atmospheric pressure (Bridgman 
1949). Furthermore, there is a marked tendency for 
the effect of structural differences on compressibility 
to disappear at high pressures. Thus, the values for a 
wide range of organic liquids at 12,000 bars vary by 
a factor of only 1.8, and the change of relative vol- 
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Figure 5. Pressure, Volume, Temperature Surface for 
Helium. 
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umes between 5,000 and 50,000 bars is in the range 
(¢.20-0.25, even when freezing is included. 

Equations of state representing the P, V, T, rela- 
tionships may take the form of convergent series 
equations, which require several virial coefficients 
related in a complicated way to molecular force 
fields; or they may ke based upon statistical mechan- 
ics, in which case simplifying assumptions as to the 
structure of groups of molecules in the liquid are 
required. Equations derived in this way are restricted 
by computational difficulties to the ideal case of 
spherically symmetrical force fields. Neither ap- 
proach is, therefore, of immediate practical value, 
and empirical equations are accordingly used for 
correlating experimental data over restricted ranges 
of temperature and pressure. 

If the specific volume of a liquid at any tempera- 
ture is plotted against pressure, a smooth curve is 
obtained which, for most liquids, can only be repre- 
sented over an extended pressure range by a poly- 
nomial equation of at least the fourth degree. For 
limited pressure ranges, say, up to 2,000 bars, quad- 
ratic equations containing arbitrary temperature de- 
pendent constants will correlate the experimental 
data satisfactorily, but such equations are not of 
general validity. 


One of the earliest empirical equations is that due 


to Tait: 
B+P 
k = Clog 


where k is the compression at pressure P, and B and 
C are constants, the former being usually a quadratic 
function and the latter independent of temperature. 
It may be seen that this equation leads to zero spe- 
cific volume at a finite high pressure and conse- 
quently, although it fits closely compression data for 
a number of liquids up to 10,000 bars, it cannot be 
expected to hold at very high pressures. 

Of the various empirical equations put forward in 
recent years, we have found the Hudleston equation 
to be the most useful for correlating compressibility 
data over a wide pressure range. The equation is de- 
rived from a postulated law of intermolecular force 


F =.(L,—L) 


in which F is the force acting on one face of a cube 
containing unit mass of the liquid, L is the length of 
the cube side, L, is the value of L at zero (or unit) 
pressure, and A and @ are specific constants. Values 
of L and L, can be calculated from a knowledge of 
the thermal expansion and compression of the liquid. 
Since F = L’P, it follows that log L*P/L, —L should 
ke a linear function of L, — L; hence, the isotherms 
on a Hudleston diagram are straight lines. 

In Fig. 6 a Hudleston diagram for ethyl alcohol 
extending up to 45,000 atm. and over a temperature 
range —100 to +175 deg. C. is given. The diagram is 
based upon measurements by Amagat, Seitz and 
Lechner, and Bridgman, and its value for correlating 
these several sets of data will be immediately 


apparent. 
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Figure 6. Hudleston Diagram for Ethyl Alcohol. 


We have found (Bett, Weale, and Newitt 1954) 
the Hudleston equation represents accurately the 
P, V, T, relationship of all the liquids to which we 
have applied it, including water which behaves in an 
anomalous manner. It also represents the P, V, T, 
data for solids at pressures up to 100,000 atm., the 
highest pressure at which measurements have been 
made; to within the experimental accuracy of the 
original data. 
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Figure 7. Viscosity of Ether and Carbon Disulphide as a 
Function of Pressure. 


THE CHANGE IN THE VISCOSITY OF LIQUIDS 
WITH PRESSURE 

One of the difficulties encountered in experiment- 
ing with liquids at high pressures is due to the very 
large changes in viscosity with pressure. With the 
exception of water, the viscosity of all liquids in- 
creases with pressure at a rapidly increasing rate, as 
may be seen from Fig. 7, which is based upon 
Bridgman’s measurements for carbon disulphide and 
ether at 30 deg. C. (Bridgman 1949). In general, the 
largest effects are found for substances with the most 
complicated molecules, it being supposed that vis- 
cosity involves a temporary freezing together of the 
molecules of the liquid into orientated clusters. 

In the case of water at 0 to 10 deg. C. there is a 
minimum viscosity at a pressure of about 1,000 kg. 
per sq. cm., due probably to a decrease of association 
at the higher pressures. 


THE SOLID SURFACE AND THE MELTING 
AND SUBLIMATION CURVES 


The regions of coexisting solid and liquid, and 
solid and gas phases appear on the P, V, T, surface as 
narrow shelves, the former extending indefinitely 
along the pressure axis and the latter terminating at 
the triple point. The projection of these shelves on a 
pressure-temperature plane gives the corresponding 
melting and sublimation curves. 

The melting point varies with pressure according 
to the Clapeyron equation AV. dP = AS. dT and the 
melting curve may, therefore, be derived, together 
with the latent heat of fusion (TAS) from P, V, T, 
measurements only. Up to some 12,000 bars, there is 
no apparent change in the character of the melting 
curves of most solids and nothing to indicate that 
AV and TAS would vanish together. AV, in fact, 
continues to decrease with rising pressure, but at a 
constantly decelerating rate and, in some cases, there 
is an increase of TAS sufficiently large to result in an 
increase of entropy difference between liquid and 
solid. The large increase in the viscosity of liquids 
with pressure makes it difficult to explore the upper 
end of the melting curve to still higher pressure and 
there is, in consequence, still some doubt as to 
whether it would eventually reach a maximum criti- 
cal value, rise to an asymptotic temperature or con- 
tinue into the region of atomic breakdown. 

It is significant that the melting curve may often be 
followed to temperatures considerably higher than 
the critical temperature between liquid and vapor 
(Simon and others 1930), a circumstance which sug- 
gests that any gas may be condensed directly into a 
solid phase at any temperature above the critical by 
the application of sufficient pressure. 

Although in Fig. 1 only a single solid phase is 
shown, it has been found that, in approximately one- 
third of all the substances examined up to pressures 


‘of about 100,000 bars, polymorphic forms exist which 


divide the solid surface into a number of stepped 
areas. This is well illustrated by Fig. 8, which is taken 
from a P, V, T, surface for ice constructed by Ver- 
wiebe from Bridgman’s data. 
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Constructed by Verwiebe on the basis of measurements by 
Bridgman. 

Figure 8. P, V, T, Surface for Water Showing all Points. 

The compressibility of the elements is a periodic 
function of the atomic weight, it being probable that 
the solid rare gases are the most compressible, with 
the alkali metals coming next in order. With few ex- 
ceptions, the coefficient of compressibility decreases 
with increasing pressure. 

The volumes of the five alkali metals as a function 
of pressure up to 100,000 kg. per sq. cm. at room tem- 
perature is shown in Fig. 9 (Bridgman 1949). It will 
be seen that caesium occupies a unique position, in 
that it has a compressibility of the order of the most 
compressible liquids and shows two reversible vol- 
ume discontinuities at 23,000 and 45,000 kg. per sq. 
cm., respectively. According to Bridgman, the me- 
chanical characteristics of these discontinuities are 
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Figure 9. Volumes of Five Alkali Metals at Room Tempera- 
ture as a Function of Pressure to 100,000 kg. per sq. cm. 
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indistinguishable from those of polymorphic transi- 
tions, and the lower one is almost certainly due to a 
lattice change from body centered to face centered. 
The upper one is not easy to account for, since the 
volume change is more than nine times that of the 
lower, which itself corresponds to a close-packed 
structure. It has been suggested that it may be due to 
some electronic rearrangement; and calculations 
show that the forcing of an electron from a 6s to a 5d 
orbit would, in fact, be sufficient to account for the 
observed contraction. 

Even over the moderate range of pressure at pres- 
ent accessible to experiment, there are indications 
that the distinguishing characteristics of solid, liquid, 
and gas are tending to disappear; and theory predicts 
that, at very high pressure, all matter would even- 
tually disintegrate, giving a homogeneous electron 
phase of high density. It is possible, on the basis of a 
suitable hypothetical atom model, to predict the 
pressure at which some indication of the onset of 
such structural breakdown is likely first to be ob- 
served and, in general, this is found to lie between 
10° and 10° bars. But, even at pressures between 10° 
and 10° bars, changes similar to those observed with 
caesium are most likely for other elements. 

It may, therefore, be anticipated that, as the higher 
regions of the P, V, T, surface are approached, the 
phase boundaries between solid, liquid, and gas will 
disappear and the resultant surface will first be 
broken by discontinuities, due to successive changes 
in the electronic configuration of the atoms, and will 
finally assume the characteristics of a single highly 
condensed phase. 

There are many reasons for supposing that matter 
may exist in far more highly condensed forms than 
those found on the earth’s crust. Thus, pressures of 
the order of 10° bars, or greater, are postulated for 
the interiors of the white dwarf stars, and Van Maan- 
en’s star, for example, is estimated to have a mean 
density of over 5 tons per cu. in. It would appear in- 
deed that by far the greater proportion of matter in 
the universe exists in highly condensed forms. 


PHASE BEHAVIOR OF SOME BINARY SYSTEMS 
AT HIGH PRESSURES 

It would be impossible, within the compass of this 
lecture, to deal adequately with the many aspects of 
phase change in multicomponent systems; but it may 
be of interest to draw attention to some unexpected 
and unusual effects associated with binary systems at 
high pressures. 

One such effect is sometimes referred to as the 
solubility of solids in gases. In Fig. 10, the phase re- 
lations of the system carbon dioxide-air (the com- 
ponents of which have widely different critical con- 
stants) are shown a at the critical temperature for 
air and c at temperatures above and b below the criti- 
cal (Webster 1952). The liquid-vapor equilibria, 
which would exist in the absence of a solid phase, are 
shown by the elliptical regions defined by the broken 
lines. The solid-liquid and solid-gas equilibria are in- 
dicated by the thickened lines, each of which has a 
point of inflection at the condensation pressure of the 
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air-carbon dioxide mixture, the critical pressure of 
the mixture being slightly below that of air. A com- 
parison of Fig. 10 a and b suggests the possibility that 
air saturated at a given temperature would contain 
more carbon dioxide than air saturated at a higher 
temperature but at the same pressure. This is con- 
trary to Dalton’s law, which states that the molar 
fraction x of carbon dioxide in equilibrium in the 
vapor phase at a given temperature should be given 
by x= p,/P, where p, is the saturated vapor pres- 
sure of carbon dioxide at the temperature in question 
and P is the total pressure. 


| S+#L ATM S+L 37 ATM. 
(Pa) 
7 Pm P, m 
Veg 
S+V. P 
S+V 
‘A 
co, AIR co, md 
a c 
a T= —140.7 deg. C. (critical temperature of air) 
b T< —140.7 deg. C. 
c T= critical temperature for mixture (> —140.7 
deg. C.) 
Lh Critical pressures of air and mixture. 


CP,, CP,, Condensation pressures of air and mixture. 


Figure 10. Fhase Relations of the System Carbon Dioxide 
—Air. 


Recently, We dster has examined this system from 
atmospheric pressure to 200 atmospheres at temper- 
atures between —110 to —196 deg. C., with results 
summarized in Table 1. 


TaBLE 1—(Webster). Deviation of Carbon Dioxide 
in Air from Dalton’s Law 


Temperature, 
deg. C. ....|—110 | —121 | —130 | —140 | —145 | —150 
Saturated va- | 
por pressure | 
of carbon di- | 
oxide, mm. of 
mercury ....| 34.63 8.57 2.31 | 0.431 | 0.168 | 0.060 
Total pres- Deviation = P,./P, 
sure, atm. 
10 1.19 1.25 1.50 1.50 15 14 
20 1.55 1.55 1.61 2.02 3.0 3.4 
30 1.92 2.28 3.61 48 9.4 21.3 
40 2.6 3.4 7.0 39.5 78.0 | 195 
50 3.4 5.5 12.4 65.0 | 134 275 
60 4.9 8.2 26.3 84.0 | 169 — 
70 6.7 14.0 40.0 | 108 220 ne 
80 9.4 20.1 50.1 | 140 245 485 
100 15.4 34.9 76.1. | 215 327 611 
150 31.2 69.2 | 136 370 527 ‘| 1,040 
200 54.0 | 103.0 | 200 542 775 ~=—-|1,481 


It will be seen that the apparent vapor pressure of 
carbon dioxide is increased when the solid is in con- 
tact with a compressed gas, the value at —150 deg. 
C. being more than 1,000 times its normal value in 
the presence of air at 200 atmospheres. This excess 
solubility of a solid in the gas phase is a perfectly 
general phenomenon, and may be expressed quan- 
titatively in terms of a virial expansion in which the 
successive coefficients represent the clustering of 
single gas molecules, pairs of gas molecules, etc., 
around one molecule of solute (Ewald and others 
1953). Its importance lies in its application to proc- 
esses for the separation as solid phase of vapor im- 
purities in industrial gases and for the fractional 
sublimation of mixed solids. 

A somewhat similar phenomenon sometimes 
termed gas-gas equilibrium, or limited mutual solu- 
bility of gases, has been noted in the liquid and 
gaseous phases of certain binary systems, the com- 
ponents of which have widely differing critical tem- 
peratures. It will be recalled that, in the case of pairs 
of substances whose critical temperatures are not too 
far apart, the curve connecting the critical tempera- 
tures and pressures of all mixtures of the two (the 
plait-point curve) may take any one of the forms 
shown in Fig. 11, the curve in no instance extending 
beyond the critical temperature of the least volatile 
component (Haselden and others 1951). 

When the critical temperatures of the components 
are far removed from one another, other types of 
curve, such as those shown in Fig. 12, may be ob- 
tained having the common feature of extending be- 
yond the critical temperature of the least volatile 
component (Krichevsky and Bolshakov 1941; Lind- 
roos and Dodge 1952). Plait-point curves of type (a) 
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Figure 11. Plait-Point Curves for Mixtures of Hydrocar- 
bons and Carbon Dioxide. 
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Figure 12. Pressure Against Temperature Curves. 


have been found for the systems nitrogen-ammonia 
and nitrogen-sulphur dioxide (Krichevsky and Bol- 
shakov 1941; Lindroos and Dodge 1952) and of type 
(b) for helium-ammonia and helium-carbon dioxide 
(Tsiklis 1952). In general, it has only been possible 
to establish the right-hand arm of the curve, since 
the least volatile component usually freezes at a tem- 
perature well above the critical temperature of the 
more volatile component. 

Referring to curve (a), it will be seen that, at a 
temperature T,, above the critical temperature of the 
two components, there are two critical points and 
two phases which coexist between pressures, P, and 
P.. These may be described as two fluid phases of 
high density or two gas phases. At a somewhat lower 
temperature, T., there are three critical points, the 
lower one being that for ordinary liquid-vapor equi- 
librium and the upper ones those for gas-gas equili- 
brium. In the case of systems giving curve (b), gas- 
gas equilibrium is found only beyond the critical 
temperatures. 

The system nitrogen-ammonia also provides a good 
example of a curious barotropic phenomenon first 
observed by Onnes with a helium-hydrogen system at 
liquid hydrogen temperatures (Onnes 1906). Onnes 
found that at pressures below 49 atmospheres, the 
phase richer in helium was the lighter, while above 
that pressure it was the heavier. The effect was re- 
versible and by varying the pressure it appeared as 
though a ‘gas’ bubble sank through a liquid phase. 
Lindroos and Dodge (1952) found that, below 1,820 
atmospheres, all heavy phases of the nitrogen- 
ammonia system were richer in ammonia, while 
above 2,100 atmospheres, all light phases were richer 
in ammonia. 

These somewhat unusual effects occurring in bi- 
nary systems at or near the critical point of one com- 
ponent have been predicted on theoretical grounds, 
and are due to changes in the relative compressibili- 
ties of the two species in a region which the densities 
of the liquid and vapor phases are of the same order 
of magnitude. 
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SOME PROBLEMS IN THE DESIGN OF 
HIGH-PRESSURE EQUIPMENT 


To conclude this review, some account must be 
given of the effect on design of large unbalanced 
stresses on materials used in the construction of 
pressure apparatus and equipment. 

High pressures are conveniently produced by 
raising the temperature of a working substance at 
constant volume, as in a steam boiler, by causing the 
working substance to react chemically in an enclosed 
space, as in the internal-combustion engine, or by 
reducing its volume by doing work upon it as in an 
hydraulic press. The latter method is almost inva- 
riably adopted in static experiments in the higher 
pressure domains. The apparatus employed consists 
essentially of a piston and cylinder assembly, the 
piston being forced into the cylinder against the re- 
sistance of the working substance by some suitable 
mechanism. 

So long as the metal of which the plant is con- 
structed is not stressed beyond its elastic range in 
tension or compression, elastic theory enables the 
stress distribution under load to be estimated with 
sufficient accuracy to admit of suitable factors of 
safety being included in the design calculations. In 
these circumstances, simple and compound cylinders 
or wire-wound cylinders give satsifactory service. It 
should be remembered, however, that the walls of 
compound and wire-wound cylinders are highly 
stressed under no-load and a limit to their strength 
is usually given by the maximum initial compressive 
stress which their core metal is able to sustain. 

I have employed both types of construction for 
cylindrical reaction vessels of from to 14-inch 
bore and have had satisfactorily results up to pres- 
sures of about 7,000 bars. Several such vessels have 
been constantly in use for many years without any 
sign of permanent deformation or fatigue. At various 
times, attempts have been made to build a compound 
cylinder to withstand higher working pressures, and 
one such cylinder, designed for 15,000 bars, is shown 
in section in Fig. 13a. The cylinder is of 42-inch bore, 
18 inches long, and is made up of a core over which 
two outer jackets are shrunk, the internal radii of the 
jackets being in geometrical progression. The calcu- 
lated initial stresses due to shrinkage and the result- 
ant stresses under load are shown in Fig. 13b. It will 
be noted that in the bore layers there is an initial 
compressive hoop stress of 80 tons per sq. in. and a 
resultant tensile hoop stress of 20 tons per sq. in. 
(Newitt and others 1937). To withstand these 
stresses it is necessary to sacrifice ductility and to 
heat treat the core metal, so as to obtain the highest 
practicable yield point. This and subsequent cylin- 
ders built on the same plan invariably failed at a 
pressure of about 9,000 bars, a circumferential crack 
developing in the core just behind the piston head. 
The reason for this type of failure will be obvious if 
the change in stress distribution during the period of 
pressure development is considered. As the piston is 
forced into the cylinder, the pressure in the reaction 
space ahead of the piston rises sharply and in the 
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Figure 13. Compound Cylinder Designed to Withstand aPressure of 15,000 bars. 


space behind the piston head falls abruptly to atmos- 
pheric pressure. There is, in consequence, a large 
stress gradient which builds up immediately behind 
the piston head as it advances, and failure appears to 
originate in the narrow band of metal supporting the 
gradient when the internal pressure reaches approxi- 
mately two-thirds of the design value. This particular 
weakness is eliminated in autofrettage construction, 
the initial stresses in the walls in an autofrettage cyl- 
inder due to overstrain being automatically adjusted 
along the axis to the internal pressure. The conven- 
tional theory of autofrettaging is confined to small 
overstrains (Macrae 1930) and the maximum pres- 
sures which can be supported in vessels so designed 
are far below those required in the higher experi- 
mental ranges. In these circumstances, it is necessary 
to adopt empirical procedures using comparatively 
large overstrains during autofrettaging and accepting 
a condition of instability in the resulting vessel. By 
constant inspection during use, it is usually possible 
to ascertain when permanent deformations are as- 
suming hazardous proportions and to take the neces- 
sary precautions. 
Recently, Manning (1945, 1950) has described an 
approximate method for calculating the radial and 
hoop stresses in the walls of a cylinder subject to 
these large overstrains and has shown that no matter 
how great the bore strain, there will always be a con- 
centric ring in the wall (if it is thick enough) outside 
which the material is still elastic. This observation 
affords some justification for a design of compound 
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pressure vessels, in which the inner core is conical 
in shape and is forced into a retaining jacket by the 
thrust of the piston as the pressure is developed; by 
this arrangement, the amount of external support is 
determined by the internal pressure. The general ar- 
rangement of such a vessel is shown diagrammatical- 
ly in Fig. 14. Employing this type of construction, 
Bridgman (1940) has experimented with pressures 
up to 50,000 kg. per sq. cm., with a life for the pres- 
sure vessel of from 10 to 20 applications. The princi- 


5 


Figure 14. Compound Pressure Vessel with Conical Inner 
Core. 
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pal defect of this construction is that referred to in 
connection with compound cylinders, namely, that, 
as the piston advances, a large stress gradient devel- 
ops behind the piston head, and rupture is likely to 
occur in this region. 

In principle, it should be possible to increase the 
strength of a vessel almost indefinitely by adopting 
a cascade arrangement, in which a number of vessels 
are placed one inside the other, each being subjected 
to a predetermined external hydrostatic pressure. 

It is usually assumed in the theories of plasticity 
that pure hydrostatic pressure has no effect on the 
process of plastic deformation. Since it is commonly 
accepted that the chief factor in the yield and flow of 
materials is a function of the shear stresses, this as- 
sumption is tantamount to believing, as do designers 
of high-pressure equipment, that the shear proper- 
ties of materials are unchanged by hydrostatic pres- 
sure. It is, however, well known that hydrostatic 
pressure may influence the strain-to-failure for ma- 
terials. 

Until a few years ago, the main evidence for the 
belief that pressure has no effect on the properties 
of metals at small strains was due to Polanyi and 
Schmid (1923), who carried out tensile tests on thin 
wire made from zinc and tin under pressures of up 
to 40 atmospheres, and to Cook (1934) who deter- 
mined the shear properties of annealed copper and 
mild steel under pressures of up to 2,500 atmospheres. 

Results obtained by Polanyi and Schmid showed 
no effect of pressure, but this is not surprising as the 
pressure range was so small. Cook determined the 
shear properties under pressure, by subjecting heli- 
cal springs (10.5 mm. diameter) made from 27 gauge 
(0.4 mm.) and 19 gauge (1.0 mm.) of mild steel and 
copper wire to combined axial load and fluid pres- 
sure. The coil was suspended from one end of a thick 
steel tube containing pure glycerine, the load being 
attached to the lower end of the coil. While hydro- 
static pressure was being applied to the glycerine, 
the tube was laid horizontally, so that no load was 
applied to the coil; in order to load the coil, the tube 
was turned into a vertical position. The tests on mild 
steel were confined to the part of the stress-strain 
curve between the proportionality limit and the yield 
point. The results of load plotted against permanent 
extension, after the removal of load, were very scat- 
tered but definitely showed that, for a given load, the 
permanent extension at 2,500 atmospheres was about 
2.5 times that at atmospheric pressure. The results 
suggest that the yield stress was unaffected by the 
hydrostatic pressure. For copper, Cook found that 
the load extension graph was raised, on an average, 
by about 4 per cent in stress when tested under 
pressure. 

Cook’s method suffers from the disadvantages that 
the test cannot be extended to large strains and that 
only permanent extensions can be measured. It is 
also impossible to determine a drop in stress at yield 
if it exists in the material being tested. 

Bridgman (1945, 1952, 1953) has published a con- 
siderable amount of work on the effect of pressure 
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on the properties of metals at large strains. His ex- 
periments were mainly tensile tests on various 
grades of steel. One peculiarity of Bridgman’s experi- 
ments was that he used a plunger to apply the tensile 
strain to the specimen and, in doing so, the plunger 
continually increased the hydrostatic pressure dur- 
ing the test. The increase of pressure was quite large, 
being of the order of 40-80 per cent in most of the 
tests. 

In some of his earlier tests, Bridgman plotted the 
engineering stress-elongation curves for high-tensile 
steel at atmospheric pressure and at a pressure of be- 
tween 20,000 and 30,000 atmospheres. The curves 
corresponding to the two pressures appear to be 
roughly parallel, with the curves for the high pres- 
sure about 15 per cent higher on the stress axis. In his 
later experiments, Bridgman felt that it was neces- 
sary to make some correction for the fact that the 
stress across the neck of a tensile specimen was not 
uniform. A correct allowance was possible only if the 
problem of the plastic distortion at the neck could be 
solved. He was able to produce an approximate solu- 
tion by assuming that the strain across the neck was 
uniform. Davidenkov and Spiridonova (1946) have 
also analyzed the problem. The state of stress at the 
neck has been found to consist of a uniform tensile 
stress acting along the axis of the specimen, with a 
superimposed triaxial tension which varies across 
the section, from zero at the outside surface to a 
maximum at the center of the specimen. To deter- 
mine these stresses, it is necessary to know the dia- 
meter of the specimen at the neck and the radius of 
curvature of the neck in a plane containing the axis 
of the specimen. The practical determination of the 
parameters, required to analyze the stress, is difficult, 
especially as the neck frequently becomes very 
irregular (Bridgman 1945, 1952, 1953). 

The results of tension tests in steels, nickel, tanta- 
lum, columbium, molybdenum, tungsten, gamma- 
brass and antimony, under pressure up to 30,000 
atmospheres, have shown a very small rise in the 
stress-strain curves. At low strains, the hydrostatic 
pressure had no effect on the stress. These results 
show a fairly considerable scatter, which is not sur- 
prising when the difficulties involved in the tech- 
nique of testing under such high pressures and in 
interpreting the results because of the complex stress 
system at the neck of the tensile specimen, are con- 
sidered. 


For ordinary metals, there was one outstanding 
result of the application of a high hydrostatic pres- 
sure, namely, a large increase in the strain-to-failure. 

The degree to which ductility is raised by pressure 
depends on the grade of steel and, in general, is less 
the harder the steel or the higher the carbon content. 
A typical example given by Bridgman (1945, 1952, 
1953) is that of a 0.45-per-cent-carbon steel, which 
under atmospheric pressure breaks in tension with 
an elongation of twofold or threefold; under a pres- 
sure of 25,000 atmospheres, an elongation of 300-fold 
has been observed without fracture. 

Bridgman found that the natural strain at fracture 
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is very nearly a linear function of the hydrostatic 
pressure. This relation holds up to natural strains of 
5, that is, up to elongations of 100-fold; at greater 
strains, individual crystal grains upset the geometry 
of the necked specimen and measurements cannot be 
easily made. 

The great increase in ductility of steel in tension 
appears to apply to other kinds of deformation. For 
example, a punch may be pushed through a sheet of 
mild steel, if it is immersed in a liquid under high 
pressure, with no breaking out of the punching or 
loss of cohesion. 


Doubts as to the effect of pressure mainly arise 
from the results obtained by Ratner (1949), who 
tested annealed copper, magnesium, beryllium- 
bronze, two magnesium alloys, a cast aluminum al- 
loy and an aluminum copper-magnesium-zinc alloy 
in tension under hydrostatic pressure. He used an 
apparatus capable of producing a pressure of 6,000 
atm., although the highest pressure used was 2,200 
atm. Except for annealed copper, the stress at a given 
strain was considerably raised by pressure, 40 per 
cent in the case of beryllium-bronze at 2,200 atm., 
the increase being very much higher than that ob- 
served by Bridgman on other materials at a corre- 
sponding pressure. For copper, the effect of pressure 
was entirely negligible. Ratner concluded that hy- 
drostatic pressure had a pronounced influence on the 
whole process of plastic flow, and he thought that 
this influence depended on the structure of the metal. 

All the work reviewed so far has been carried out 
in tension. In shear, Bridgman (1945, 1952, 1953) has 
described punching tests under high fluid pressures. 
With this form of test, it was possible to plot only the 
shearing stress based on the current area against the 
penetration, and it was impossible to determine the 
correct stress and strain because the conditions of 
plastic flow were not sufficiently well defined. For 
several steels, the shear stress at a given penetration 
was considerably raised by pressure, and the pene- 
tration required for failure was also increased. At 
very high pressures, the punch could be driven com- 
pletely through the steel plate without loss in coher- 
ence. It was also observed, in tests on steel subjected 
to combined torsion and axial compression, that the 
stress-strain curve was raised, a significant amount 
by an increase in the compressive force. There is no 
doubt that these experimental techniques for deter- 
mining the shear properties are far from ideal, and 
better results would have been obtained from a 
straightforward torsion test; but Bridgman consid- 
ered that the technical difficulties involved in such a 
test at high pressures could not be readily overcome. 
Bridgman used the technique of subjecting materials 
to combined torsion and axial compression to good 
effect to obtain evidence of polymorphic transitions 
and to carry out various irreversible effects. For ex- 
ample, red phosphorus may be changed to crystalline 
black, a transition which is not known to take place 
under conditions other than shear under a high 
hydrostatic pressure. 

Crossland (1954) has constructed an apparatus in 


which it is possible to carry out torsion tests under 
hydrostatic pressures up to 6,000 atm. The shear 
properties of mild steel, copper, zinc, a silicon- 
aluminum alloy and a zinc-aluminum alloy (Mazak) 
were determined in this appartus at pressures up to 
3,000 atm., and the results show that pressure has no 
significant effect on the shape of the stress-strain 
curves of these metals. The strains-to-failure for all 
the materials tested, except zinc and Mazak, were 
considerably raised by pressure. There was some 
indication that the relation between strain-to-failure 
and pressure was linear, though these results are 
not as conclusive as those obtained from tension tests 
by Bridgman. 

The main disadvantage of the torsion test is that 
the stress is not uniform across the section of the 
specimen and it is necessary to derive the shear stress 
against strain curve from a torque-twist record. 
However, complete records of the shear stress against 
strain curve at large strains could be obtained with- 
out the difficulty experienced in tension owing to the 
formation of a neck. 

Using the cascade principle, Bridgman has suc- 
ceeded in developing pressures of the order of 
100,000 bars, which for various reasons would appear 
to be about the practicable limit for this type of 
construction. 

It will be seen, therefore, that some major changes 
in design methods and experimental procedures are 
required before the higher pressures on which in- 
terest is now centered are likely to be achieved. 
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SOME THINGS MUST BE SECRET 


THE AUTHOR 


graduated from Kansas State College in Electrical Engineering and Journalism, 
and worked for 25 years in Kansas, Wisconsin, and Maine as an editor. During 
this period, he became firmly identified with the viewpoint of the press, and of 
reporters in general, that facts are public property and should be exposed to 
the public view. In 1943 he dusted off his EE degree, and joined the Harvard 
Underwater Sound Laboratory, working on the problem of special torpedoes. 
For two years he helped scientists, engineers, and Navy torpedomen run ex- 
perimental torpedoees off the coast of Massachusetts and Florida. When the 
Ordnance Research Laboratory was organized in 1945 at The Pennsylvania 
State University to continue the work of HUSL for the Navy, he was made 
editor. At present he is head of the Reports and Records section of this Labora- 
tory, with the duty of supervising the editing, printing, and distributing all re- 
ports issuing from this laboratory, and of receiving, and maintaining security 
for, all reports received by the Ordnance Research Laboratory from other 


facilities. 


I THIS DAWN of the Atomic age it is natural that 
nuclear reaction should have captured the imagina- 
tion of the public to such an extent that it is errone- 
ously assumed a scientist doing work on special 
weapons for the national defense must be working on 
some phase of the atomic problem. It is also a quite 
natural development that there has been hysterical 
thinking by persons who have an insufficient back- 
ground of knowledge to do any constructive thinking 
on either the potential danger or the best methods of 
defending ourselves. Unfortunately, it is also true 
that a few persons who have considerable knowledge 
have had their moments of being thrown into gibber- 
ing hysteria by the sheer magnitude of the forces 
involved. 

The so-called cold war is not only a war of nerves, 
it is also a technological war. Persons at the policy 
forming level must be responsible for tactical deci- 
sions. In matters of technology, the scientists and 
engineers are the workers in the ranks who are pro- 
ducing ammunition to carry on this struggle for 
peace. The technical work must be carried on in se- 
crecy. It probably will be five years after work is 
started on an important project before the public 
should hear anything about it. If, during all that time, 


any information leaks out it may work to our disad- 
vantage. After an idea is developed to a successful 
conclusion, the persons responsible for deciding on 
the tactical moves in the cold war may believe that it 
is to our advantage to keep it in cold storage until a 
more appropriate time; or they may decide that it is 
smart to allow it to be announced at once, telling what 
it is and showing what it will do, but withholding as 
much information as possible that would be of assist- 
ance to the enemy in reproducing this weapon for 
their own use, or for developing countermeasures 
that would make the weapon ineffective if used 
against them. 

We must have proper respect for the abilities of 
enemy scientists, because overconfidence is a weak- 
ness which may be fatal. Even though we do not quite 
believe it we must assume that anything our scien- 
tists can originate and develop can be duplicated by 
enemy scientists. So long as we are able to keep three 
to five years ahead of the opposition we retain our 
position of strength. Allowing information to become 
known which will cut down that lead in time is a fine 
method of cutting our own throats. 

Without being a scientist myself, I have worked 
intimately with scientists and technical engineers for 
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more than ten years. It has been very interesting to 
see how their minds work, to discover that they are 
just people, and rather frightening to realize that the 
future of 160 million persons in the United States 
hinges on the work they are doing under the blanket 
of secrecy. 

This cloak of secrecy, though necessary, is often 
stifling to the scientist, misunderstood by the public, 
resented by the press, and played upon by political 
demagogs. It is true of course that the secret stamp 
has been used by persons unworthy of the trust 
placed in them to cover up inefficiency or worse, but 
these instances are comparatively few and the reme- 
dy is to get rid of the dishonest individual rather than 
eliminate a necessary part of the system. You try to 
maintain the safety of money in a bank by continually 
searching for dishonest cashiers rather than by mak- 
ing a rule that no cashier shall be allowed to put his 
hands on money. 

When the wraps are removed from a new weapon 
to the intense interest of the general public, it must 
be because the persons we have saddled with the re- 
sponsibility for winning peace for us have decided 
this isa wise move in the game of chess they are play- 
ing. The scientist who does not follow all of the se- 
curity rules and regulations no matter how hamper- 
ing, irritating, or even stupid they may seem to be 
under certain situations is getting only what he de- 
serves when the roof falls on him. The reporter who 
uses a keen nose for news and clever powers of de- 
duction to write and print a powerful story that 
logically leads up to some facts that should not be 
mentioned, is doing his country and therefore his 
readers a disservice. This has happened to the chagrin 
and horror of conscientious individuals who did not 
duck to the other side of the street when they saw a 
reporter friend coming. A reporter who has been in- 
vestigated or threatened with investigation by per- 
sons concerned with maintaining security because of 
stories he has printed, has nothing to point to with 
pride. The investigators may be mistaken or stupid 
or have ulterior motives, but if the reporter has this 
experience several times it certainly looks as though 
he made a practice of skating on thin ice without a 
proper regard for the best interests of the people of 
these United States. 


An immense flood of words has been printed about 
the A-bomb and the H-bomb. Most of the words are 
written from a basis of ignorance, ignorance as great 
as my own and I claim no knowledge except what I 
read in the papers. Of course, this subject hit the front 
pages with the first bang and stayed there. You can’t 
keep that kind of a cat in a bag. This probably has 
done but little harm and doubtless has done some 
good. While we were in the position of having a mo- 
nopoly of this weapon, it was a strong deterrent 
against crowding us into a war in which we would 
make use of it. Information has been released steadily 
about our buildup in this field that still leaves us in 
a position of strength. Now you see speculation about 
a time in the future when the enemy will have enough 
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fire power to destroy us one hundred per cent, and 
we will have power to destroy them two or three hun- 
dred per cent. Obviously it is just as tough to be killed 
once as it is to be killed two or three times. Knowing 
something about scientists, the way they work under 
strict security regulations and the length of time it 
takes for important projects to be brought to a suc- 
cessful conclusion, I don’t believe we of the general 
public have anything like the full picture. We can 
know only such parts of the results of the last few 
years of work as the authorities have been willing to 
announce to our enemies as well as to us. 

When any new weapon is developed that is of suffi- 
cient importance to make necessary a complete re- 
evaluation of tactics for offense or defense, there 
always are self-appointed leaders of thought who are 
ready to go into a panic. 

The bow and arrow was first viewed as a world- 
toppling development that placed persons of good will 
at the mercy of aggressors because there was no 
effective protection against someone who could stand 
at a perfectly safe distance and shoot his darts with 
deadly accuracy to the hearts of his victims. The 
cross-bow was the H-bomb of its day. The prophets 
shuddered at the irresistible fire power that was made 
available when bow-men could flop down on their 
backs and use their leg muscles to give the deadly 
arrows additional speed and fantastic range. 

Battering-rams fixed it so that no place was safe, 
even behind well built walls, and really, there was 
little to look forward to but chaos. 

Despite the dire predictions of persons who were 
well informed in then-known methods of defense 
there always has been a development of effective 
countermeasures against new measures of offense. 

The world is full of persons, of varying degrees of 
good sense and knowledge of the subject, who are 
shouting that there is no protection from the H-bomb 
except mass evacuation. They should add, “this con- 
dition is or was temporary.” The persons who know 
only what they read in the papers seem to be more 
excited by the inevitability of total destruction than 
the persons who are in position to know the exact 
present score. Those of us who are in ignorance of 
work in progress on this problem should not forget 
that at one time it was quite truly said of the arrow, 
or the bullet, that the only protection was to run like 
hell. 

The conception of any new weapon starts intensive 
work immediately on countermeasures. There are 
two reasons why this is considered of vital importance 
and must be done at the highest level of our ability 
and without delay. First, we need to know how best 
to protect ourselves if the weapon ever should be 
turned against us; and, second, we need to know all 
the ways in which the weapon itself may be vulner- 
able to countermeasures, so that it may be improved 
to resist such distractions. Following work on coun- 
termeasures is work on anticountermeasures and 
then come counteranticountermeasures; in fact, it is 
like the ditty about the dog with fleas, the fleas being 
infested with littler fleas and so on ad infinitum. 
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If we have a few scientists who can think rings 
around the men doing the scientific thinking for the 
opposition, that is good. Much of the work, however, 
is done by men who know they are not genuises, but 
who laboriously and persistently turn up one new 
fact after another. Every so often, one of these new 
facts proves to be the missing link in some chain of 
thought that has been driving some top level man to 
distraction because in the light of all known facts 
everything will not quite add up. There are lots of 
apparently brilliant ideas that have only one thing 
wrong with them: they will not work. Often one little 
insignificant fact added to what you’ve got makes not 
just a little bit more, but all the difference in the 
world in making a big idea work. 

This drives home the need for secrecy covering the 
day-to-day work of our men in this whole field of en- 
deavor. One little fact that seems to be of quite minor 
importance may be just the thing that is needed by 
an enemy scientist to make a big idea of his jell. 

In the case of research and development work done 
for the armed services in the field of special weapons 
it is not desirable to have total secrecy. Suppose a 
new and effective weapon of great importance is de- 
veloped, tested, and manufactured without any po- 
tential enemy having found anything about what it is, 
what it will do, or how it works. Such a weapon can 
do us no good unless we come to a shooting war, pro- 
viding full secrecy is maintained. If the enemy is al- 
lowed to know enough about this weapon to help 
deter him from aggressive acts, and not enough to 
help him in producing such a weapon of his own or 
developing effective countermeasures against the 
weapon we have produced, we find this new weapon 
of immediate value in helping to keep us out of war. 

How much to tell is a very delicate problem, which 
requires the best of judgment and an intimate knowl- 
edge of the status of the work being done on a variety 
of projects, as well as a knowledge of plans at the 
executive level. These are decisions that should be 
made at a high level of responsibility. No scientist or 
engineer working on a problem has permission to use 
his own judgment in releasing information that he 
believes to be unclassified. If a reporter corners a sci- 
entist friend and starts asking what he believes to be 
innocent questions he may be placing his friend in a 
very awkward spot. Smart reporters have been 
known to make what they thought were wild guesses 
and have come so close to some well guarded truth 
that a poor scientist can protest his innocence until he 
is blue in the face without convincing persons in 
authority that he is not guilty of an indiscretion. 

The person faced with the problem of placing a 
classification on any bit of writing on a classfied sub- 
ject must consider many angles. There must be as 
free a flow of the information as possible to persons 
who have a need to know, but at the same time, the 
flow of this information must be restricted as nearly 
as possible to those who do need to have it. Much 
more hampering rules are applied to the handling of 
Secret Documents than to those which are marked 


Confidential. A Top Secret classification is applied to 
a document only when its distribution can be con- 
fined to a comparatively few persons without serious- 
ly impairing its usefulness, unless the information is 
such that irreparable injury would result if it were 
made public. 

In facilities with which I am familiar only a few 
individuals are given clearance to see Top Secret ma- 
terial. This does not mean that other individuals are 
considered to be less trustworthy. It does mean that 
as a matter of policy the number of persons who have 
access to Top Secret information is kept at as low a 
figure as is consistent with a proper handling of the 
work. 

The person who overclassifies a document finds 
himself subject to criticism just as quickly as if he 
had underclassified it. But the criticism carries a lot 
more bite if he has sent something out as Confidential 
when it should have been Secret than if the reverse 
were true. He has also immediately let himself in for 
a lot of extra work because it is his immediate duty 
to see that the classification is changed to what it 
should be on every copy of the report which has been 
distributed. The result, of course, is that if one has 
doubt as to what the classification should be, he leans 
toward the higher classification, so as to be safe from 
a security standpoint. The inexperienced person is 
more likely to overclassify than is the person of more 
mature experience. 

The fact that a person is cleared for Secret or Top 
Secret information does not at all mean that he can 
easily obtain copies of all Secret or Top Secret in- 
formation. A secret is really a secret only so long as 
it is told to no one. It is good theory to consider that 
the fewer persons there are aware of certain facts, the 
less likelihood there is these facts may somehow be- 
come known to subversive individuals. Therefore, in 
all areas of critical information the theory is followed 
that the information should be made available as 
freely as possible to persons who should have it in 
order to increase their efficiency in the work they are 
doing but that the total number of such individuals 
should be kept to a minimum. A scientist who is 
working on Top Secret material in one line of en- 
deavor and whose integrity is unquestioned by 
everyone would find it quite difficult to get permis- 
sion to look at Confidential material in some other 
field of endeavor which could serve the purpose only 
of satisfying his natural curiosity. The properly 
cleared individual who can establish his “need to 
know” with the proper authorities is supposed to 
experience no difficulty at all in getting what he may 
want. 

Of course, when you lay down a lot of rules under 
which everyone concerned must operate, you have 
what is popularly spoken of as “red tape.” The rules 
governing all phases of the handling of classified writ- 
ten material are many and rigid. It is a field of en- 
deavor that is all bound around with red tape. This 
seems to be necessary; in fact, it seems to be the only 
way in which it can be handled adequately. It does 
lead to many situations which are irritating to the 
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persons involved. Certainly the scientist who needs 
to know certain facts in order to do his job efficiently 
is bound to feel frustrated by the red tape which pre- 
vents his getting immediately the help which would 
be of such value to him. The person who cuts through 
this red tape should, and does, find himself in trou- 
ble, but every organization doing any large amount 
of work with classified information needs to have 
someone in the organization whose responsibility it is 
to keep this red tape untangled. Most scientists of 
experience are willing and glad to work with these 
individuals who, by virtue of learning all the compli- 
cated rules involved, are able to see that reasonably 
good service is maintained. The young and impatient 
scientist is the one who finds it hardest to live hap- 
pily with this situation. 

After all is said and done, it is easier for the person 
with a scientific mind to put up with this sort of frus- 
tration than for a business man to do so. The scientist 
has trained himself to view things objectively. If you 
can give him good logical reasons to prove the rules 
are really necessary, he will accept them, because he 
has trained himself always to accept something that is 
proved to be true, even though he does not like it. 

Scientists do their work on the frontier of knowl- 
edge. Any information explained and discussed in 
textbooks or in technical journals is knowledge they 
consider anyone can have by going to the trouble to 
look it up. To the man working on the outer fringe of 
knowledge whose prime purpose in life is to discover, 
understand and prove facts that no one has previous- 
ly either known or understood, the discoveries of 
other persons working on this frontier are of vital in- 
terest. To the scientist, a free flow of all this new 
knowledge is the only completely satisfactory ar- 
rangement. Any rules of secrecy are an evil, there- 
fore, from the scientific viewpoint, but the good sci- 
entist accepts as fact that it is a necessary evil. 

In the field of special weapons a complete freedom 
of exchange of ideas cannot prevail because it is a 
highly competitive field and the public interest de- 
mands that we keep two or three jumps ahead of the 
enemy who is also working along the same lines. The 
argument is sometimes made that the public has a 
right to know what is being accomplished in this field 
with public money. This argument is one hundred 
per cent false at the working level but is perfectly 
valid providing the information is obtained with the 
approval of persons in positions of top responsibility 
in policy forming. 

If the Army, the Navy, the Air Force, the Secretary 
of Defense, and the President decide that the time has 
come when it is wise for certain information to be 
made public, it is a considered decision made after 
weighing the advantages against the disadvantages. 
The decision is made with the full understanding that 
information given to the public is information given 
to the enemy. 

When a dramatic announcement is made of a spe- 
cial weapon, with pictures showing it in action—a 
weapon which can see, hear, smell or taste, and then 


310 —A.S.N.E. Journal, May 1956 


instantly and automatically act on the information it 
obtains to dart at high speed to the target and destroy 
it—the announcement is made because someone in 
position to accept the responsibility has decided after 
weighing the arguments, pro and con, that the time 
has come when it is wise to tell this. Now a gadget 
like this does not happen overnight. There is no doubt 
that engineers were working on this device in com- 
plete secrecy five years ago. The information and the 
ideas they were developing at that time would have 
made intensely interesting reading, especially to the 
enemy. Leaks at that time probably would have set 
the enemy ahead several years because you may be 
sure the enemy is working like mad on just as fan- 
tastic weapons as we are. It will only be a matter of 
time until they come out with a loud “me too.” There 
also is no doubt that at the time of announcing one 
weapon, which instantly captures the public’s fancy 
as being the last word in fantastic accomplishment, 
scientists are busily working in their secret cells at 
ideas that will make this device obsolete. When the 
“me too” does come from the opposition it will not 
matter too much. If we have confidence that our sci- 
entists can keep two jumps ahead in this rat-race we 
can face the situation with optimism. They are always 
working on ideas that will be very much hush-hush 
for five years. 

The idea is to keep out of trouble by virtue of 
always being in a position of strength. When we com- 
plete a device that can be used with telling effect in 
any phase of defense it is without any wish that it 
shall ever be necessary or desirable to use it in anger. 
The thought is rather that its existence will make 
aggressors gnash their teeth and postpone any seri- 
ous plans for aggression to a more propitious moment. 

There are several reasons why we should have a 
great deal of confidence in our scientists and in their 
ability to keep ahead of scientists working for our 
enemies. In the first place, a democracy gives a better 
climate for scientific work than is true in a dictator- 
ship. A scientist is working at a great disadvantage if 
he does not approach his work in a purely objective 
manner. If he finds himself in the position of trying 
to avoid getting certain answers because he knows 
such answers would make some person in a position 
of great power angry, he is lost, because by adding a 
little here and subtracting a little there, he always 
can come up with an answer that will keep him out 
of trouble. What he must do is to let the chips fall 
where they may and be able to say, this is the truth, 
take it and like it or just take it. If a man happens to 
be working where an unpopular answer will get him 
into disgrace, it too often will happen that the obtain- 
ing of such an answer will be avoided at the expense 
of overall knowledge. 

Another reason why we should have confidence in 
the future of our own research is that our young and 
more obscure scientists are brash enough to question 
in their own minds the statements and findings of the 
men who have quite exalted reputations in their field. 
Before World War II the German scientist held an 
enviable reputation. This reputation was well earned, 


DI 
we 
ye 
| be 
| re 
tr 
Ge 
th 
pl 
we 
Ge 
of 
rei 
th 
th 
oc 
ac 
sp 
su 
de 
sti 
re 
op 
Wwe 


DETWILER 


SECURITY 


well deserved and had been held for a great many 
years. One weakness that he had, however, was to 
believe that if a German scientist of sufficiently high 
reputation said a certain thing was true or was not 
true, that put a period to that matter. No budding 
German scientist would think of questioning what 
the big man said had been proved. I recall one exam- 
ple taken from World War II which shows how this 
wait worked out to the great disadvantage of the 
Germans and to our advantage. From the beginning 
of World War II the submarine was recognized as a 
real menace. It succeeded in doing tremendous dam- 
age. All of the submarines of that day were slow and 
they were quite vulnerable to depth charges set off in 
the right place. There was, however, a great deal of 
ocean in which the submarines could hide and they 
were succeeding in doing it quite effectively. A great 
many things were done to try to minimize this men- 
ace, and one of the projects was the development of a 
special torpedo that had the ability to track down the 
submarine that was moving away at slow speed and 
destroy or cripple it. Losses due to submarines were 
still at a very high level when this new torpedo was 
ready to put into action. The British gave it as their 
opinion that we would have not more than three 
weeks to make use of the torpedo effectively after the 


first one was fired until the Germans would have a 
countermeasure which would make it ineffective. Our 
people accepted this opinion as being probably true 
because unfortunately it was rather a simple matter 
to devise a countermeasure that would so attract the 
torpedo that it would surely ignore the real target. To 
the amazement of everyone, after this torpedo had 
been in use for eighteen months it still seemed that 
the Germans did not know what it was or how it 
worked. After the war was over, we found out the 
inside story as to why this was true. The Germans had 
earlier worked on a similar torpedo and had proved 
to their own satisfaction that a torpedo of that size 
using those frequencies was impossible. They knew 
so thoroughly that what we had must be something 
else that when one of their spies actually sent them 
some quite accurate information, they knocked his 
ears down by telling him to quit reading American 
illustrated stories and send them something they 
could use. 

Face the future with confidence. We have what it 
takes in brains and judgment at the top, and technical 
ability and even genius in the field of research and 
development. Let the boss be the boss, and let’s not 
kill any goose that can lay golden eggs if it can be 
avoided. 
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A REVIEW OF SHIP VIBRATION PROBLEMS 
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PART I— INTRODUCTION 


of concise reviews of past achievements 
is one of the valuable duties undertaken by industrial 
research organizations. They provide a fund of ex- 
perience whereby former troubles may be avoided, 
and they sometimes contain the seeds of knowledge 
from which may grow ideas and inventions to stimu- 
late further progress. Papers dealing with particular 
fields of inquiry, by individual members of a research 
organization, are always welcome, especially when 
they are presented without excessive use of special- 
ized terminology. The recent paper’ on ship and ma- 
chinery vibration problems by Mr. T. W. Bunyan of 
the Engineering Research Department of Lloyd’s 
Register of Shipping is an excellent example of these 
individual contributions based, as it is, upon a wide 
and authoritative experience. 

As Mr. Bunyan himself remarks at the beginning 
of his paper, the Research Department of Lloyd’s 
Register of Shipping enjoys the privilege of dealing 
with about 150 investigations annually, covering a 
world-wide field. Many problems are common to a 
large number of vessels, wherever built or engined, 
and of these, vibration problems relating to hulls and 
machinery predominate. 

The paper evoked an interesting and informative 
discussion which ranged over practically every as- 
pect of the subject, and it was evident that the trend 
towards large highly-powered single-screw cargo 
ships and tankers with machinery delivering powers 
in the region of 20,000 s.h.p. to a single propeller *: * 
was presenting the industry with a number of trou- 
blesome vibration problems, particularly in vessels 
with machinery ait. 


PROPELLER EXCITED VIBRATION 
The principal factors contributing to this situation 
are increased propeller excitations due to greater 
concentration of power in a single screw, and in- 
creased size of single-screw vessels which tends to 
bring criticals corresponding to the higher modes of 
hull vibration into the service speed range. Since the 
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propeller is ideally situated for exciting all the prin- 
cipal modes of hull vibration it is evident that ability 
to concentrate large powers in a single screw depends 
to a considerable extent upon success in applying 
methods for maintaining propeller excitations within 
permissible limits. In this connection it should be 
borne in mind that severe local vibration, particularly 
in the stern of the ship, can be excited by the propel- 
ler even though there is no hull critical at or near the 
service speed, because the propeller is situated where 
it can excite all the principal modes simultaneously 
and the total amplitude thus accumulated may be 
quite severe even though none of the modes is reso- 
nant at the operating speed. 

It was therefore not surprising to find a substantial 
part of Mr. Bunyan’s recent paper ' devoted to con- 
sideration of propeller-excited vibration; nor to learn 
that this problem is being attacked vigorously both 
analytically and experimentally. A fundamental re- 
quirement is the smoothest possible flow of water 
through the propeller and this involves questions of 
after-body design, propeller aperture clearances, and 
the design of the propeller itself, all considered with 
due regard to maintaining the highest possible pro- 
pulsive efficiency. A great deal has been accomplished 
already and phrases such as “wake-adapted” screws 
and “clear water” rudders are beginning to find their 
way into the literature. Much more remains to be 
done, however, before the problem can be handled 
with reasonable assurance in the design stage; in the 
meantime, as Bunyan’s paper clearly demonstrates, 
the experience already gained has proved of immense 
assistance when trouble was encountered in an ex- 
isting vessel. 

The first systematic studies of ship vibration were 
undertaken in the latter part of the nineteenth cen- 
tury. From 1884 to 1900 many notable papers were 
presented by the leading specialists of the day, at the 
meetings of the Institution of Naval Architects, and 
others appeared in the Technical Press. 

As early as 1893 Otto Schlick contributed a paper ' 
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describing the Pallograph, which was probably the 
first scientifically-designed instrument to be used for 
measuring and recording ship vibration. Among 
other applications it was used for measuring vibration 
during the trials of the Lusitania in 1907. 


LARGE RECIPROCATORS 

The period from 1884 to 1900 was the hey-day of 
the reciprocating steam engine. With cylinder dia- 
meters up to 9 feet and strokes up to 6 feet, these 
structures were the engineering masterpieces of the 
nineteenth century. Their massive reciprocating and 
rotating assemblies introduced serious problems of 
engine balance and it is not surprising to find that in 
this early work on ship vibration the engine was re- 
garded as the principal source of disturbance. 

The theory of engine balancing was worked out in 
great detail, not only with regard to primary and sec- 
ondary forces and couples, but including higher order 
disturbances as well. Practical methods of dealing 
with the problem were developed, of which the Yar- 
row-Schlick-Tweedy system of engine balancing, in- 
troduced about 1894, was an outstanding example. 

The propeller does not appear as a very serious 
source of ship vibration, though there were references 
to the possibility of excitations at propeller blade fre- 
quency and multiples thereof, attributed to the vari- 
able nature of the water-flow past the propeller. 

The theory of hull vibration, regarding the hull as 
a freely supported elastic beam, was also well under- 
stood. Semi-empirical formulae for calculating the 
natural frequencies and vibrating forms of the lower 
modes were published by the French naval architect 
Normand in 1892 and by Otto Schlick in 1894.5 

These calculations were not very reliable, how- 
ever, due to the complexity of the problem and lack 
of accurate physical data. One can sympathize with 
the contemporary writer who remarked that while it 
might be possible to prevent one kind of vibration 
from becoming unduly prominent, how are we to deal 
simultaneously with different periodic forces and 
various modes of vibration of the ship. But apprecia- 
tion of the seriousness and difficulty of the problem 
was not widely spread. A correspondent to the techni- 
cal press in 1897 expressed the opinion that vibration 
was a minor ill of the sea, small in comparison with 
other troubles but, nevertheless, from its dogged per- 
severence, an abominable nuisance. In the same year, 
another writer remarked that because a new Royal 
Yacht—the Victoria and Albert—was about to be 
built the question of vibration had attained a posi- 
tion of national importance, but he thought he was 
not over sanguine in believing that the matter could 
be settled for £500! 

Returning to the present day, a superficial reading 
of current literature leaves the impression that the 
situation with regard to ship vibration is not vastly 
different from that prevailing in the 1890’s. Now, as 
in those early days, there is considerable difficulty in 
predicting the behavior of a new design with sufficient 
accuracy to preclude the possibility of trouble when 
the ship goes into service, and, more often than not, 


the vibration specialist is occupied in dealing with 
vibration troubles as they occur. 

This does not imply, however, that small progress 
has been made in vibration analysis during the inter- 
vening years. On the contrary, an ever expanding 
knowledge of the theoretical and practical aspects of 
the subject has been an important factor in making 
possible the astonishing developments in ship and 
machinery design that have taken place during this 
period. 

At the beginning of this century the steam turbine, 
with its smoother torque and the absence of large 
unbalanced reciprocating and rotating masses, was 
hailed by some as the means for settling the ship 
vibration problem once and for all. 


TURBINES AND GEARS 

Development of the steam turbine for powering 
the larger ships quickly dispelled this illusion, though 
the smoother operating characteristics of the turbine 
directed attention to the propeller shafting. New and 
difficult vibration problems were encountered, affect- 
ing the durability and safety of turbine discs, and 
blading. In later years, the introduction of reduction 
gearing between turbine and propeller to increase 
overall efficiency and extend the use of turbines to 
ships of lower power, created further vibration prob- 
lems affecting shaft and gear durability. 

Rapid development of the internal combustion en- 
gine for marine propulsion in the years immediately 
after the 1914-18 war also provided many important 
and urgent vibration problems of which the problem 
of torsional vibration of crankshafts and propeller 
shafting was an outstanding example. Indeed, when 
the Engineering Research Department of Lloyd’s 
Register of Shipping was established about 1935, 
largely due to the initiative of the Chief Engineer 
Surveyor, Dr. S. F. Dorey, torsional vibration was 
one of the first subjects to receive attention under 
what Dorey himself has described as a campaign for 
safer shafts. 

And in addition to these major items there were a 
number of important subsidiary matters such as 
“singing” propellers, axial vibration of propeller 
shafting, and transverse vibration of engines about 
their seatings, all demanding the closest attention. 

Although, as previously mentioned, it is not yet 
possible to predict with certainty the overall behavior 
of a new design, certain aspects of the overall prob- 
lem, such as torsional vibration of shafting and hull 
response to excitation of the fundamental modes, can 
be dealt with in the design stage with some assurance 
that all will be well on the trial trip and in service. 


VIBRATION OF THE HULL AS A RIGID BODY 

An important characteristic of the behavior of a 
ship’s hull in response to periodically applied forces 
is its capacity for performing heaving, pitching and 
rolling motions as though it were a rigid body, all at 
the same frequency as that of the applied impulses. 
This is a property of all freely supported bodies 
which, in mathematical terms, corresponds to the 
zero roots of the frequency equations. 
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These rigid body motions are generally disregarded 
in studies of ship vibration because they do not in- 
volve any displacement of one part of the structure 
relative to another. They can, however, impose quite 
appreciable inertia loads on the hull and engine struc- 
tures; are often the cause of much physical discom- 
fort among passengers and crew; and they must be 
taken into account when interpreting vibration rec- 
ords obtained with seismic type instruments. 

From the point of view of physical discomfort the 
rolling component is usually the least desirable and, 
through the years, several devices have been put for- 
ward for dealing with it. One of the earliest was the 
Schlick gyroscopic stabilizers, introduced about 1904. 
In this device the gyroscopic forces themselves are 
used to counteract the roll, the action of the stabi- 
lizers being controlled by damping forces applied to 
the rotor frame. This was not entirely satisfactory 
because the damping force had to be adjusted to an 
average value which was not the best for each of 
many possible operating conditions. An improve- 
ment, due to Sperry, overcame this difficulty by using 
a small pilot gyroscope to control the motion of the 
main rotor frame in accordance with changing re- 
quirements. Sperry gyro-stabilizers were successful- 
ly used in many yachts and large vessels. Three 100- 
ton gyroscopes were fitted in the 48,000 tons gross 
Italia Line steamship Conte di Savoia in 1932. The 
gyroscopic stabilizer as conceived by Schlick and 
Sperry did not become really popular, however, prob- 
ably because of apprehension regarding the serious 
damage that might occur if the main rotor with its 
enormous store of energy got out of control. 

Nevertheless, the problem of ship stabilization was 
not abandoned and, as a result of development started 
in 1935, an elegant solution was produced in the 
Denny-Brown hydrofin automatic stabilizing gear. 
This equipment has been described in earlier issues.* 
Briefly, it consists of two retractable stream-lined 
fins, one on each side of the ship, which can be regard- 
ed as a pair of horizontally disposed rudders. When 
the ship is in motion the flow of water across the 
stream-line section produces an upward or a down- 
ward force according to whether the leading edge of 
the fin is tilted up or down. If one fin is tilted upwards 
and the other downwards a couple is produced tend- 
ing to roll the ship and, by means of hydraulically- 
operated gear controlled by a small and sensitive 
gyroscope, the direction and timing of the couple can 
be adjusted continuously to counteract the roll pro- 
duced by each wave. The dimensions of the fin and 
the angular movements necessary to provide the re- 
quired corrective action are kept to a minimum by 
providing a flap, hinged to the trailing edge of the 
main fin, in the manner of the ailerons used in the 
wings of aircraft. Like an airplane wing this arrange- 
ment embodies potentialities of self-excited vibration 
due to coupling of torsional and flexural modes of vi- 
bration when moving through a steady stream of 
water. 

No such troubles have been reported, however, and 
even if they occurred there are a number of well- 
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known remedies involving no more than a change in 
the mass-elastic characteristics of the system. The 
stabilizing fin has already achieved a remarkable 
amount of success, Over 100 sets were installed in 
British naval vessels during the last war and, since 
the war, the equipment has been fitted in many of the 
largest passenger liners, including the Queen Eliza- 
beth and the Royal Yacht Britannia. 


ELASTIC VIBRATION 

In addition to the rigid body motions just discussed 
a ship’s hull can vibrate in many different modes, de- 
termined by the distribution of mass and elasticity 
along its length. Thus it is possible to produce and 
sustain severe vibration in practically any hull, given 
the necessary pulsating disturbance applied at the 
appropriate number of pulsations per minute to 
evoke a sympathetic response which may be mani- 
fested as vibration involving the whole length of the 
hull, or may be largely confined to some local position 
in the hull structure. Sympathetic response, or reso- 
nance, occurs when the frequency of any one of the 
significant modes of natural vibration of the hull co- 
incides with the frequency with which any one of the 
significant pulsating disturbances is applied. Natural 
vibration involving the whole length of the hull may 
occur in the vertical, horizontal or torsional direc- 
tions and there may be four—and occasionally more— 
significant modes of vibration in each direction. 

The ends of the vessel, i.e., the bow and stern, are 
positions of large vibration amplitude in all these 
modes, and there may be intermediate positions 
where the amplitudes are substantially zero. The po- 
sitions of large amplitude are called anti-nodes and 
the positions where the amplitude is substantially 
zero are called nodes. In the fundamental torsional 
mode there is one node near the middle of the hull 
and two anti-nodes. The higher torsional modes have 
2, 3, 4, etc., nodes and 3, 4, 5, etc., anti-nodes. In each 
fundamental bending mode, vertical and horizontal, 
there are two nodes and three anti-nodes along the 
length of the hull. The higher modes have 3, 4, 5, etc., 
nodes and 4, 5, 6, etc., anti-nodes. 

There are two principal sources of excitation, the 
propelling machinery and the propeller. The lower 
modes of natural vibration, either vertical or horizon- 
tal, are most commonly excited by primary unbal- 
anced forces or couples from reciprocating machin- 
ery, or by a badly pitched or badly mass-balanced 
propeller. The theory of engine balancing is now well 
established and it is possible to determine without 
much difficulty the magnitudes of the unbalanced 
couples produced by any given engine assembly. 
With regard to propeller pitch and mass unbalance, 
most propellers are now made of bronze with care- 
fully finished blades and it is unlikely that mass un- 
balance will be very serious except as the result of 
service damage. Pitch unbalance is more important, 
because slip-angles are themselves small so that even 
small variations of pitch from blade to blade can pro- 
duce considerable variation of individual blade 
thrust. This can be corrected by differential adjust- 
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ment of the angles of the individual blades so that the 
product of the thrust and the radius to the effective 
center of thrust is the same for each blade. In the 
cases just discussed the excitation frequency is one 
cycle per revolution of the crankshaft for engine dis- 
turbances and one cycle per revolution of the pro- 
peller for propeller disturbances. 

The higher modes of vibration, either vertical or 
horizontal, where there are three or more nodes, may 
be excited by the secondary unbalanced forces or 
couples of reciprocating machinery at a frequency 
equal to twice the r.p.m. of the engine crankshaft; by 
propeller blade frequency disturbances at frequen- 
cies equal to the number of propeller blades mul- 
tiplied by propeller r.p.m. and integer multiples 
thereof, due to variation of water flow through the 
propeller; and by gas forces or reactions in the main 
engine, principally at frequencies equal to the firing 
impulse frequency, namely, number of engine cylin- 
ders multiplied by engine r.p.m. for two-stroke cycle 
engines, and one-half the number of engine cylinders 
multiplied by engine r.p.m. for four-stroke cycle 
engines, 

Generally speaking, the torsional modes are ex- 
cited by the same engine and propeller forces that 
excite the horizontal modes of bending vibration. 


400 


In geared installations the torque reaction at the 
gearbox is another possible source of torsional and 
horizontal bending vibrations of the hull, particularly 
at engine speeds where there is a strong torsional 
vibration critical of the shaft system. 

Thus there are many possibilities of resonance and 
the problem is further complicated through the ne- 
cessity to make sure that no serious hull vibration can 
occur under the varying conditions of loading and 
load distribution that may be encountered in service. 
Depth of water may also have an important influence, 
particularly on the vertical modes. Operation in re- 
stricted waters, such as the Suez Canal, may similar- 
ly affect the horizontal modes. Finally, it is desirable 
to make allowance for the fact that the natural fre- 
quencies of the hull tend to become lower as the age 
of the ship increases. 

Figure 1 shows the various possibilities diagramat- 
ically, for a hypothetical case. The configurations of 
the hull in the various modes of vibration are shown 
at the right-hand side of the diagram. The cross- 
hatched bands parallel to the base line show the fre- 
quency ranges of the various modes, the upper limit 
applying to the ballast condition and the lower limit 
to the fully loaded condition. The lines radiating from 
the origin represent the various excitations. Wher- 
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Figure 1. Diagram showing various possibilities and types of ship vibration likely to be encountered in practice. 
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ever an excitation line crosses a frequency band there 
is a possibility of resonant vibration at some load 
condition of the ship. 

In the particular example shown opposite the fol- 
lowing possibilities of resonance at the maximum 
service speed are indicated: 2-node vertical mode 
excited by propeller or main engine primary unbal- 
ance with the ship fully loaded; 3-node horizontal 
mode excited by propeller blade frequency disturb- 
ances of a three-bladed propeller at an intermediate 
load condition; 4-node horizontal mode excited by 
propeller blade frequency disturbances of a four- 
bladed propeller at an intermediate load condition. 
There is also the possibility of excitation of the 2-node 
torsional mode by main engine secondary unbalance, 
with the ship in the ballast condition, though this is 
not a very likely source of trouble. 


LOCAL VIBRATION 

There are two principal classes of local vibration, 
namely, local vibration resulting from and accom- 
panying vibration of the hull in one of its natural 
modes, and local vibration due to sympathetic re- 
sponse of some part of the hull or machinery struc- 
tures to an excitation which does not necessarily 
evoke any noticeable vibration of the hull considered 
as a whole. 

The second class of local vibration originates from 
the fact that in a complex assembly each disturbance 
searches the structure for a part, such as a panel or a 
piece of attached equipment, capable of sympathetic 
response. 

This part then functions as a tuned vibration ab- 
sorber and local resonance occurs. The higher fre- 
quency excitations, e.g., unbalanced secondary forces 
from reciprocating machinery, propeller blade fre- 


quency excitations, and excitations arising from the 
gas forces in the engine cylinders, are the principal 
causes of this class of local vibration. Of these, pro- 
peller excitations are usually the most important, 
since the propeller is located at an anti-node for all 
modes of hull vibration. 

The amplitudes of local vibrations are not usually 
very large but, due to their higher frequencies, the 
accelerations can be sufficiently severe to cause struc- 
tural damage to the hull and any attached equipment. 
These relatively small amplitude vibrations can also 
cause considerable mental distress, leading to fatigue 
of passengers and crew. Bunyan’ lists a number of 
places where experience has shown that local vibra- 
tion may be specially troublesome. For example, the 
overhung bridge space of certain tankers is a place 
where severe local vibration can be excited by almost 
imperceptible vibration on the strength deck. Masts, 
samson posts, piping, boilers and other equipment 
attached to the main hull can likewise be affected. 
The transverse rocking modes of vibration of engines 
about their seatings can also cause serious local vi- 
bration, especially in large oil engine installations. 
The exciting forces are usually the transverse reac- 
tions on the guides from cylinder gas loads, the en- 
gine behaving as a mass mounted upon a relatively 
flexible diaphragm attached to the frame of the ship. 

Bunyan ‘ has also directed attention to the possi- 
bility of sympathetic response of the rudder to im- 
pulses from the adjacent propeller. Even if the nat- 
ural frequency of the rudder about the rudder head 
does not coincide with the frequency of a principal 
mode of hull vibration, it is possible for rudder vibra- 
tion to attain an amplitude sufficient to cause serious 
fretting and wear of trunnion bearings and pintles, 
and damage to the rudder itself. 


PART II — DESIGN STAGE CALCULATIONS 


So far as vibration of the ship as a whole is con- 
cerned, the design problem can be stated quite 
simply. It is the problem of matching ship and ma- 
chinery so that no significant resonant condition 
occurs within the range of service speeds, while at 
the same time maintaining the magnitudes of the 
various excitations below the values which would 
cause trouble during transient operation in the ma- 
neuvering or overspeed ranges. 

This requires, on the one hand, evaluation of the 
natural frequencies of all significant modes of hull 
vibration under all service conditions likely to be en- 
countered and, on the other hand, knowledge of the 
frequencies and magnitudes of all significant ma- 
chinery and propeller excitations. 

In the earliest studies of ship vibration the formu- 
las used for calculating natural frequencies were 
based upon simple beam theory. The hull was re- 
garded as a uniform slender beam, freely supported. 
Empirical constants were introduced, varying ac- 
cording to the type of vessel, to reconcile calculated 
and observed values. Provided a new design did not 
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depart too radically from contemporary practice. this 
method enabled the natural frequency of the funda- 
mental mode of vertical vibration to be estimated 
with a fair degree of accuracy. In succeeding years 
more elaborate procedures were introduced in which 
the actual distribution of mass and elasticity along 
the hull were taken into account. These were based 
upon methods originally developed by Rayleigh and 
Stodola for studying the behavior of beams and the 
whirling of turbine rotors. At first these procedures 
took into account only the flexural strain energy and 
the linear kinetic energy of the vibrating hull. 


THEORY AND PRACTICE 


In many cases this yielded results for the funda- 
mental modes of vibration which were in good agree- 
ment with observed values, but for the higher modes 
there was considerable disagreement. Consequently, 
the basic theory was elaborated to take into account 
shear strain energy, rotational kinetic energy and 
the effects of entrained water. In recent years the 
British Shipbuilding Research Association has un- 


T 
d 
b 
a 
t 
fl 
si 
bi 
la 
tl 
ce 
tu 
sc 
ni 
m 
lo 
di 
fr 
w 
ca 
ra 
ve 
co 
ay 
m 
ta: 
re 
de 
ta: 
tic 
th 
th 
tat 
an 
of 
ob 
pre 
ple 
mc 
eq 
the 
bri 
en 
mo 
tio 
sio 
cal 
thi: 
Ba: 
vib 
the 
bee 


THE MARINE ENGINEER & NAVAL ARCHITECT 


SHIP VIBRATIONS 


dertaken a most thorough examination of the whole 
subject both analytically and experimentally. Some 
of the results already achieved are reported in papers 
by Johnson * and Richards® of the B.S.R.A. staff. 
Outstanding matters awating further investigation 
are the influence of entrained water, particularly 
with regard to horizontal modes; the effect of struc- 
tural discontinuities such as riveted joints upon the 
flexibility of the ship regarded as a continuous beam, 
since there is reason to believe that the dynamic flexi- 
bility is different from the static flexibility, particu- 
larly with regard to the higher modes of vibration; 
the effect of depth of water; and the possibility that 
certain areas of the deck and double bottom struc- 
tures may function as tuned vibration absorbers and 
so produce a significant modification of the principal 
natural frequencies. 

In addition to all these difficulties it must be re- 
membered that comparatively small variations of 
load distribution, hardly affecting the trim or mean 
draft, can have considerable effect upon the natural 
frequencies, particularly those of the higher modes 
which experience has shown to be the most likely to 
cause troublesome vibration in the service speed 
range of larger modern highly-powered single-screw 
vessels. 

When all these considerations are taken into ac- 
count it becomes apparent that a purely theoretical 
approach to the determination of even the funda- 
mental modes of hull vibration involves a computing 
task of formidable size. Even if accurate physical data 
relating to the hull structure were available in the 
design stage, the sheer magnitude of the computing 
task would prohibit determination of numerical solu- 
tions to assist matching of hull and machinery, within 
the time normally available for design. 

At the present time, therefore, the main value of 
these very involved calculations is to assist interpre- 
tation of experimental results from existing vessels 
and thus pave the way toward a better understanding 
of aspects of the problem which are still somewhat 
obscure. 

USE OF ELECTRONIC COMPUTERS 

There is, however, one way of reducing the labor 
involved in finding numerical solutions of analytical 
problems which tend to become more and more com- 
plex as knowledge increases, namely, by the use of 
modern fully automatic electronic digital computing 
equipment. Such equipment is now in regular use in 
the aircraft industry for solving in a few minutes vi- 
bration problems which formerly occupied experi- 
enced mathematicians for period of six months or 
more. 

The proposal to use this equipment for ship vibra- 
tion work is not new. In a contribution to the discus- 
sion of Richard’s paper, Lewis ° described a method of 
calculation suitable for an electronic computer, and 
this equipment has been used by the Taylor Model 
Basin for calculating the natural frequencies of hull 
vibration, with considerable success. In this country, 
the Manchester Universal electronic computer '° has 
been used for determining numerical solutions to 


problems of torsional vibration of complex multi- 
branched geared turbine systems, and whirling of 
complicated turbine rotor assemblies. 

There is a fairly common belief that use of this 
expensive equipment is only justifiable when a large 
number of routine calculations have to be performed. 
While it is true that the speed of routine calculations 
can be increased several hundred times by this 
means, the equipment has other equally valuable ap- 
plications. In research work it provides the means of 
escape from a tantalizing situation where methods of 
solution are known, but the numerical exercises nec- 
essary to reconcile theory with practice cannot be 
undertaken because of the magnitude of the comput- 
ing task. With the aid of electronic equipment, how- 
ever, there is virtually no limit to the number of 
exercises that can be performed, once the basic com- 
puting program has been established. In design in- 
vestigations the equipment would enable many 
tentative solutions to be worked out within the time 
available for design, to aid selection and indicate 
trends. 

Another fairly common, though erroneous, belief 
is that only a skilled mathematician can obtain full 
benefit from the equipment. On the contrary, intelli- 
gent application of the equipment for dealing with 
engineering problems demands a thorough knowl- 
edge of practical as well as theoretical implications. 
There are, of course, certain mathematical proced- 
ures best adapted to the smooth functioning of the 
machine, but these are readily assimilated. It is there- 
fore probable that when the electronic computer 
comes into general use for engineering applications 
the preparation of the machine program will be done 
by an experienced engineer after a short course cov- 
ering the mathematical aspect of the task. 

In the meantime, design stage calculations of hull 
frequencies must be based upon the best available 
empirical formulae, aided by experience and judg- 
ment. In this connection, Bunyan presents a formula 
in his recent paper’ which is stated to provide a 
reasonably accurate estimate of the 2-node vertical 
frequency, and factors are given for obtaining ap- 
proximate values for the higher modes. 

According to Bunyan, the natural frequencies of 
the two- and three-node modes of vertical and hori- 
zontal hull vibration can often be predicted with 
sufficient accuracy to be of value in design stage 
investigations of the possibility of excitation by 
primary and secondary external unbalance of re- 
ciprocating machinery. 

In single- and twin-screw vessels of about 480 ft. or 
more, however, propeller blade frequency excitation 
is most often the predominating disturbance and this 
excites the higher modes of hull vibration. The fre- 
quencies of these higher modes were not easy to pre- 
dict in the design stage, particularly when the hull 
structure was complicated by the addition of super- 
structure decks. Nevertheless, attention to single- 
screw aperture clearances and the blade-tip to hull 
clearance in twin-screw vessels, in the design stage, 
should minimize the possibility of trouble. 
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DESIGN STAGE CONSIDERATIONS AFFECTING 
LOCAL VIBRATION 

With regard to local vibration, a number of design 
stage measures can be taken to prevent the drum- 
ming, rattling and creaking which is so easily pro- 
duced in different parts of a ship by quite small 
transmitted vibrations. Such effects create a greatly 
exaggerated impression of the severity of the vibra- 
tion and are often the cause of much mental distress. 
Attention to the type and rigidity of division bulk- 
heads, particularly in the after part of the ship, and 
care in selecting, positioning and installing cabin and 
washroom fittings, with adequate use of vibration 
insulating materials, are fairly obvious precautions. 

All bolts and screws should be firmly secure, with 
effective locking devices to prevent slackening in 
service, and if it is not possible to avoid passing pipe- 
lines through division bulkheads, the pipes should 
be supported in rubber or other resilient material to 
prevent squeaks and groans when relative move- 
ments occur. 

Main engine and boiler seatings*' need careful 
attention with regard to both design and workman- 
ship. Considerable transverse rigidity is necessary 
and the overall stiffness should be sufficient to pre- 
vent local resonant vibration which, in the case of 
main engine seatings, can result in excessive trans- 
verse vibration of the engine excited by crosshead 
guide reactions. In the case of boilers, local resonant 
vibration of the boiler about its seating, excited by 
the propeller, has caused serious damage to super- 
heater and generator tubes and brickwork. 

The possibility of mounting the main engine upon 
a seating having sufficient flexibility to prevent any 
significant transmission of vibration from the engine 
to the hull has received considerable attention, and 
installations using both rubber and steel springs as 
the resilient elements have been tried in practice, 
with some success.’* The theory of vibration isolation 
is now well-established and there is no great diffi- 
culty in designing mounting systems capable of pro- 
viding excellent characteristics so far as smoothness 
of engine operation at the design condition is con- 
cerned. In large, directly-coupled, main engines, 
however, the practical use of such systems is pro- 
hibited because the amount of flexibility required for 
a successful mounting system would result in exces- 
sive engine movements during maneuvering at re- 
duced speeds, and when the ship encountered even a 
moderately rough sea. 

The practical problems are appreciably easier with 
the smaller, higher speed, engines used in twin-screw 
and geared installations, especially where the engine 
is coupled through a hydraulic or electro-dynamic 
coupling; but the most attractive field for the applica- 
tion of resilient mountings is that of the auxiliary 
generator, where the engines operate at constant 
speed and appreciably higher r.p.m. Slab-type 
mounting units where the load is earried by a pad of 
resilient material are not entirely satisfactory be- 
cause the material tends to consolidate with age and 
the assembly requires constant adjustment. Assem- 
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blies using steel springs, or three-point mountings 
using bonded rubber-in-shear bobbin-type resilient 
units of adequate capacity are preferable. Many suc- 
cessful installations of this type have been made and 
it is rather surprising that more general use has not 
been made of flexible mountings in this field. 

Auxiliary gear, such as feed heaters, strainers, 
small pumps, valve chests and heavy spare gear, 
should not be attached to large flat areas such as 
bulkheads where the cost of the stiffening which 
might be required to reduce local vibration to toler- 
able dimensions would be out of proportion to the 
task it had to accomplish. 

In the main hull structure itself every effort should 
be made to avoid large flat areas of shell plating in 
way of the stern where they are subjected to the pul- 
sating slip-stream and may vibrate with considerable 
amplitude at propeller blade frequency. Indeed, Bun- 
yan’? mentions the desirability of increasing the 
scantlings of the structure and shell plating of the 
cruiser sterns of large single-screw vessels as a mat- 
ter worthy of serious consideration. He cites a case 
where, during the seatrials of a large single-screw 
tanker, the vibration was so severe as to cause wide- 
spread damage to the internal structure of the after 
peak. 

RUDDER VIBRATION 

Resonant vibration of rudders is another type of 
local vibration which has received considerable at- 
tention in recent years, notably in the paper by Bun- 
yan already mentioned,’ based upon experience with 
streamlined rudders where trouble had been en- 
countered through cracking of welded joints and rud- 
der plating accompanied by damage to pintles and 
pintle bushes and the coupling connecting the rudder 
to the stock. In the simplest terms a rudder may be 
regarded as an elastically suspended mass capable of 
performing two fundamental modes of natural vi- 
bration, namely, torsional oscillations involving 
twisting of the stock and bending oscillations involv- 
ing flexure of the suspension system. If, as is usual, 
the center of gravity of the rudder is offset from the 
hinge line the inertia force due to transverse bending 
oscillations produces a couple about the hinge line 
tending to cause torsional movements. Similarly the 
inertia couple due to torsional oscillations about the 
center of gravity produces a force at the hinge line 
tending to cause flexural movements. In other words 
the torsional and bending modes are coupled with the 
result that the natural frequency of the lower cou- 
pled mode is less than the natural frequency of the 
lower uncoupled mode, and the frequency of the 
higher coupled mode is greater than the frequency 
of the higher uncoupled mode. 

Resonant vibration of the rudder can occur at 
either of these coupled frequencies, given an appro- 
priate excitation. However, in a conventional rudder 
assembly, where the rudder is hinged to a rudder post 
at several points along the hinge line and is also sup- 
ported by a shoe at the bottom, the flexural stiffness 
is considerable and the possibility of serious bending 
vibration within the operating range would appear 
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to be remote. There remains the possibility of tor- 
sional vibration, weakly coupled with the bending 
mode, excited by impulses from the adjacent propel- 
ler. This might become troublesome under resonant 
conditions, when the frequency of propeller excita- 
tion, ie., number of propeller blades multiplied by 
propeller r.p.m., coincided with the natural frequen- 
cy ofthe rudder. Apart from the possibility of serious 
damage to the rudder and its attachments, this type 
of local vibration situated, as it is, at an anti-node for 
all principal modes of hull vibration, might be the 
cause of serious transverse vibration of the hull con- 
sidered as a whole, especially if the frequency of rud- 
der vibration coincided with the natural frequency 
of a transverse mode of hull vibration. Under these 
circumstances troublesome local vibration might also 
be experienced in deck houses, samson posts, masts, 
derricks and funnels, particularly with structures of 
all-welded construction where the inherent damping 
is appreciably reduced. 

Bunyan recommends’ that from the point of view 
of avoiding vibration, rudder design should be based 
upon the principle of placing the natural frequency 
of the rudder above the maximum operating speed. 
Factors which assist in this direction are a short stiff 
stock to provide the maximum possible stiffness and 
an overall design which provides the smallest pos- 
sible mass moment of inertia consistent with effi- 
cient functioning. It should be remembered, how- 
ever, that even if the rudder resonance is above the 
operating speed range when the ship is new, damage 
to the rudder in service might result in flooding, 
thus producing a reduction of natural frequency 
sufficient to bring the resonance into the service 
sveed range. This possibility can be prevented by 
filling the rudder with a light non-inflammable 
plastic such as the type used in the hollow blades of 
steel air screws where the filling is inserted in the 
plastic state and is‘subsequently cured by heating to 
form a light but relatively rigid support for the blade 
surfaces. Such treatment would not only prevent 
flooding but, by supporting the plates against pant- 
ing vibrations, would prevent damage from that 
cause. 

Another consequence of the coupling of torsional 
and bending modes is the possibility of self-excited 
vibration or flutter. This can occur when the rudder 
is moving through a steady stream of water without 
any extraneous periodic disturbance to excite vibra- 
tion. It is due to a combination of the flexural and 


Original design 


‘Clear Water’ design 
Figure 2. Rudder designs for the ‘Mariner’-type ship. 


angular displacements which results in variations of 
the angle of attack in a manner which abstracts ener- 
gy from the stream of water to maintain vibration, 
once it is initiated. The phenomenon occurs at a defi- 
nite stream velocity relative to the rudder, known 
as the flutter speed, and it can be initiated by a va- 
riety of causes such as the momentary disturbance 
which occurs when the ship makes a rapid turn. Th 
existence of a definite flutter speed depends, among 
other things, upon the fact that when the rudder de- 
flects under the combined effect of torsion and flex- 
ure, hydrodynamic forces are introduced which are 
proportional to the angle of twist. Thus the effective 
stiffness controlling rudder vibration is made up of 


two parts, the élasti¢-stiffness of the stock and the 


hydro-dynamie.stiffness introduced when the rudder 
deflects. The hydro-dynamic stiffness, and therefore 
the overall value, varies with the velocity of the 
stream. At the flutter speed the resultant conditions 
become favorable for abstracting energy from the 
stream to maintain vibration. Flutter is most likely 
to occur when the coupling between the torsional 
and bending modes is strong, i.e., when the two nat- 
ural frequencies are close together. Preventive meas- 
ures include a design which provides the greatest 
possible rigidity in both torsion and flexure while 
maintaining the torsional and bending frequencies as 
far apart as possible so that the coupling between 
the two modes is weak. 

The conventional type of rudder assembly shown 
on the left-hand side of Figure 2 would appear to be 
less susceptible to flutter than the “clear water” or 
suspended design shown at the right-hand side. A 
great deal depends, however, upon the stiffness of 
the attachments to the rudder post in the conven- 
tional design. In particular if appreciable wear oc- 
curred in these attachments, conditions favorable for 
flutter might be introduced. 


PART III — REDUCING THE EXCITATIONS 


The overall problem of ship and machinery vibra- 
tion is so complex that it would be extremely opti- 
mistic to expect, even with full benefit of present-day 
knowledge, that all resonances of the general and 
local structures could be foreseen and provided for 
in the design stage. 

It is therefore desirable to investigate the possi- 
bility of limiting the magnitudes of all significant 


excitations to values which will ensure that the cor- 
responding disturbances are within acceptable lim- 
its, even under resonant conditions. 

From a survey of published information it would 
appear that over the range of frequencies applicable 
to ship investigations, say from 60 to 600 cycles per 
minute, acceleration rather than amplitude affords 
the better measure of the severity of vibration. A 
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value of about 0.3 ft. per sec. per sec. is very good and 
is unlikely to provoke complaints; a value of about 
1 ft. per sec. per sec. is not likely to cause structural 
damage, but it may cause complaints; and a value of 
3 ft. per sec. per sec. is structurally dangerous. 

These values are in good agreement with those 
quoted by Bunyan * from investigations on some 60 
vessels where accelerations of 1.0 to 0.75 ft. per sec. 
per sec. measured at the position of maximum ampli- 
tude—usually the stern—were normal for vertical 
and transverse vibrations respectively. 

At these values there was little danger of damag- 
ing the main hull structure, though there might be 
local vibration of sufficient amplitude to require at- 
tention, and there might be complaints of fatigue 
and mental discomfort from passengers and crew. 
Accelerations of 3 ft. per sec. per sec. were liable to 
cause damage, particularly at points of high stress 
concentration in the structure. 


PROPELLER EXCITATION 

It is fairly safe to say that if an analysis of reports 
of troublesome ship vibration published during the 
last 60 or 70 years was made, propeller action would 
be revealed as the most outstanding cause. Improved 
methods of propeller manufacture have largely elim- 
inated troubles due to pitch or mass unbalance. But, 
no matter how carefully the propeller is produced, 
excitations at propeller blade frequency and integer 
multiples thereof remain, since they are largely de- 
pendent upon extraneous causes. These relatively 
high frequency forces are available not only for ex- 
citing general and local vibrations of the hull, but 
they are also an important cause of axial and tor- 
sional vibration of propeller shafting. This is not sur- 
prising when it is remembered that the propeller is 
situated at an anti-node for all modes of ship and 
shafting vibration, where the forces are most effec- 
tive in exciting vibration. 


PROPELLER TROUBLE IN IMPORTANT SHIPS 

The literature contains many accounts of troubles 
due to propeller-excited vibration, including such 
famous ships as the Lusitania, Mauretania, and 
Queen Mary. But one of the most interesting cases 
was that of the 67,000 ton quadruple-screw Atlantic 
liner Normandie. As the result of disagreeable vibra- 
tion in the after part of the ship during her first trials 
in May, 1935, which did not respond to first-aid 
treatment by additional stiffening of the decks where 
the vibration was most intense, a very complete in- 
vestigation of the problem was undertaken.’* The 
vibration extended over about one-third of the length 
of the ship from the stern, with a frequency equal to 
the number of propeller blades (3) multiplied by 
propeller r.p.m. Various remedies were tried includ- 
ing changing the direction of rotation of the two wing 
propellers, which reduced the amplitudes by about 
20 per cent but had an adverse effect upon the han- 
dling properties of the ship; synchronizing the four 
propellers through special synchronizing gear work- 
ing on the engine governors, which was disappointing 
and unreliable; and fitting special stanchions with 
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spring-loaded steel and lignum vitate friction sur- 
faces designed to absorb vibration energy, which 
produced no worthwhile improvement. The meas- 
ures eventually adopted consisted of fitting an ex- 
pansion joint in the sun-deck near the stern; fitting 
new shaft bossings of improved form and greater 
strength; fitting new four-bladed propellers; and in- 
stalling additional girders and strengthening frames 
and beams in the lower decks. These modifications 
reduced the vibratory amplitudes to about 20 per 
cent of those originally recorded, and in some areas 
there was no detectable motion. 

This and other examples from both single and 
multi-screw ships have so clearly demonstrated the 
importance of the propeller and its immediate sur- 
roundings in relation to ship vibration that analytical 
and experimental investigations of the subject have 
been in progress for many years. Much valuable in- 
formation has been gathered, but the problem is so 
complicated that no general rules have yet been 
formulated to enable a quantitative assessment of 
the magnitudes of propeller disturbances, or of their 
effects upon the hull, to be made in the design stage 
of every new project. It is possible, however, to lay 
down certain recommendations, based upon accumu- 
lated knowledge and experience which should assist 
towards avoiding the pitfalls most likely to be the 
cause of serious vibration trouble on the trial trip. 
This simply means that the person best qualified to 
guide propeller design, with regard to both perform- 
ance and the vibration problems involved, is the 
propeller specialist himself. The days when the de- 
sign of a propeller was apt to be regarded as just an- 
other item in the engine designer’s tally of respon- 
sibilities are over, at any rate so far as the more 
advanced types of vessel are concerned. Indeed, it is 
highly probable that the majority of ships have been 
reasonably free from serious vibration troubles, just 
because there has been an adequate measure of co- 
operation among everyone concerned. 

The intensity of propeller excitation in single- 
screw ships depends greatly upon the characteristics 
of the water flow through the propeller disc, the 
wake velocities tending to reach peak values in the 
upper part of the aperture. Adequate clearance be- 
tween propeller and aperture is therefore of primary 
importance, too little clearance between the propel- 
ler tips and the stern frame arch and between the 
trailing edges and the rudder post being particularly 
significant in relation to both vertical and transverse 
vibration. 

The sketch (Figure 3) from Bunyan’s recent 
paper,’ is based upon model and full scale tests on a 
number of vessels, and shows the recommended 
minimum aperture clearance for achieving mini- 
mum propeller-excited hull vibration in single-screw 
installations with prevailing designs of stern frames 
and rudders, and without measurable loss of propel- 
ler performance. Other factors affecting perform- 
ance, vibration, and liability to cavitation-erosion are 
number of blades, r.p.m., and blade skew-back and 
pitch variation, e.g., “wake adapted” screws. 
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Figure 3. Single screw aperture clearances. 


Position Clearance 

A= 0.15 X D feet 
= 0.10 < D feet 
0.03 D feet 
= 0.08 X D feet 
or T feet, 

whichever is 

the greater. 


The same general considerations apply in multi- 
screw installations. The principal requirements are 
after-body and propeller bossings designed to pro- 
vide the smoothest possible inflow; adequate clear- 
ance between propeller blade tips and hull structure; 
and adequate structural stiffness in the plane of the 
propeller disc, where the pulsating forces are strong- 
est. The excitation arises from passage of the outer 
portions of the propeller blades through the slower 
inoving boundary layer which hugs the ship’s side. 
The thickness of this boundary layer, and therefore 
the tip clearance necessary to minimize the excita- 
tion, is a function of the length of the vessel. This is 
the basis of the formula devised by Troost for deter- 
mining the desirable minimum clearance, namely, 
Clearance — (0.11L*%-0.36) ft., where L is the length 
on the waterline, in feet. It is of interest to note that 
in the case of the Royal Yacht Britannia,"* the length 
on the water line is 380 ft., so that according to the 
above formula the minimum desirable clearance be- 
tween blade tips and hull is about 22 inches or 0.18D, 
where D is the diameter of the four-bladed propeller. 
The actual propeller tip clearance is 33 inches or 
0.27D. 

The troubles which developed in H.M.S. Warspite 
and other naval ships both here and in the United 
States, directed attention to the possibility of serious 


PART IV — ENGINE EXCITATIONS 


As already mentioned, the theory of engine bal- 
ancing is now well-established and in many cases it 
is possible to achieve a substantial reduction of pri- 
mary unbalance either by fitting crankweb counter- 
weights or, in multi-cylinder internal combustion 


propeller excited vibration during maneuvering of 
multi-screw ships due to the slip-stream of an outer 
propeller interfering with the blades of an inner 
propeller.** 

Similar trouble, though probably to a lesser extent, 
can arise from any cause which results in water en- 
tering the propeller disc at an angle to the plane of 
rotation of the propeller. This occurs, for example, 
when a ship is turning, and in installations where the 
shafting is raked or splayed so that the axis of rota- 
tion of the propeller is inclined to the direction of 
water flow. 

Trouble of this kind has been experienced in air-. 
craft during pull-out from a dive, when skidding or- 
side-slipping during a turn, or when the total power- 
of a twin-engined machine was not equally divided 
between the port and starboard engines. In all these: 
cases the result is an angular flow of air through the 
propeller and the condition is called yaw-excitation. 
The effect of the non-axial flow is to produce periodic 
variations of the effective angle of incidence of the 
blades as they pass obliquely through the airstream. 
The overall result is to produce an unsymmetrical 
load which excites flexural vibration of the airscrew 
blades and nodding and whirling motions of the hub, 
at a frequency equal to airscrew r.p.m. The effect is, 
in fact, similar to that produced by pitch unbalance. 

Ship vibration from this cause is not likely to be 
very serious, however, except in the case of slip- 
stream interference, already mentioned, in which 
case some alleviation might be obtained by an appro- 
priate arrangement of the relative positions of the. 
propellers. 


MULTI-SCREW SHIPS 

Another type of vibration, peculiar to twin- and 
multi-screw vessels, occurs when the excitations: 
from the individual engines of propellers build-up: 
and die away periodically due to slight periodical 
changes in the r.p.m. of the individual units. This 
hunting phenomena is not usually serious from the 
point of view of structural damage—indeed, a small 
periodical variation of speed has more than once been 
suggested as a means for preventing resonant vibra- 
tion—but it can be very trying to passengers and 
crew and is sometimes more fatiguing than a sus- 
tained vibration of greater maximum amplitude. Sev-. 
eral quite successful synchronizing devices have 
been developed for dealing with it, and the variable 
pitch propeller is particularly suitable for this type 
of speed control. But the problem does not appear to 
have become sufficiently acute to encourage the 
general adoption of synchronizing devices. 


engines, by selecting a favorable firing order. Care is 
necessary when applying these remedies, however, 
since they might have a serious effect upon the tor-. 
sional vibration characteristics of the shafting. A 
system of heavy counterweights, for example, might 
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reduce the natural frequency of a significant mode of 
torsional vibration by an amount which brings a se- 
vere shaft critical into the service speed range. 

Similarly, a firing order, favorable from the point 
of view of engine balance, might be undesirable from 
the point of view of torsional vibration. 

In most cases, however, it is possible to determine 
an acceptable compromise, though the task is some- 
times difficult because although acceptable limits for 
torsional vibration are now fairly well known, there 
is still insufficient information on the amount of en- 
gine unbalance that can be tolerated. The subject is 
a difficult one involving, among other things, the re- 
sponse characteristics of the hull for various service 
conditions and the influence of engine location on the 
effectiveness of the excitation. During recent years 
investigations of the fundamental aspects of the 
problem have been initiated, notably by Lloyd’s 
Register of Shipping and the British Shipbuilding 
Research Association, using portable vibration-ex- 
citing equipment capable of imposing pulsating 
forces of known magnitude of various parts of a ves- 
sel. Some of the results already obtained are reported 
by Johnson * and Richards.* In reply to the discus- 
sion on his recent paper,’ Bunyan expressed the 
opinion that forces up to +6 tons and couples up to 
+250 tons ft., would not be troublesome as a tran- 
sient condition, provided the service speed itself was 
well removed from any hull critical. On the other 
hand, much smaller disturbances could cause trou- 
ble if they excited a hull critical at or near the service 
speed. Bunyan cited an example where the 2-node 
mode of hull vibration was excited near the service 
speed in a 480 ft. tanker in the deep loaded condition, 
by a triple expansion steam engine having an un- 
balanced primary force of less than one ton and an 
unbalanced primary couple of about 100 tons ft. The 
vibration was reduced to acceptable limits by fitting 
crankweb balance weights giving a resultant mo- 
ment about the after node which balanced the re- 
sultant moment of the engine masses about the same 
point. 

As in the case of propeller excitations there are a 
number of general rules which can be used as a guide 
in the design stage. 


EXTERNAL UNBALANCE 

The principal sources of engine-excited vibration 
involving the whole length of the hull are the ezx- 
ternally unbalanced primary and secondary forces 
and couples. Theoretically, an engine with an un- 
balanced force is incapable of exciting general hull 
vibration if it is located at a node, where the ampli- 
tude on the hull deflection curve is zero. Conversely, 
an engine with an unbalanced couple is theoretically 
incapable of exciting general hull vibration if it is 
placed at a point on the hull deflection curve where 
the slope is zero, i.e., at a position approximately 
mid-way between two nodes. 

Thus, for the two-node mode of vibration, an en- 
gine installed amidships where the deflection is large 
but the slope is zero, is more likely to cause serious 
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vibration if external forces rather than external 
couples are unbalanced; while if installed at or near 
the after node where the deflection is zero but the 
slope is large, external couples rather than external 
forces are likely to be troublesome. If the engine is 
installed aft of the after node, where both deflection 
and slope are appreciable, both forces and couples 
are capable of exciting vibration, and of the two the 
force is usually the more effective, e.g. in a 450 ft. 
vessel a force of about +1 ton is roughly equivalent 
to a couple of +150 tons ft. if both are applied near 
the stern, 

Though these rules are not strictly true, due to the 
effect of local deformations of ship and engine struc- 
tures, they are useful when attempting a qualitative 
assessment of engine balance. 

In the case of multi-cylinder internal combustion 
engines having three or more cylinders with the 
crankpins spaced at equal angular intervals round 
the crank circle there are no externally unbalanced 
primary or secondary forces. 

This simplifies the problem somewhat, though 
there may be residual primary and secondary ex- 
ternal couples of sufficient magnitude to be trouble- 
some. In many cases it is possible to reduce both 
primary and secondary residual external unbalance 
to acceptable values—in some cases to’zero—by an 
appropriate choice of firing order, though, as pre- 
viously noted, this possibility is conditioned by the 
need to make sure that the chosen firing order is 
satisfactory with regard to torsional vibration, 
crankshaft manufacture, and main bearing loadings. 
Where it is not possible to reduce the unbalance in 
this way, the primary unbalance, which is often the 
most troublesome, can be reduced by fitting crank- 
web counterweights. Here again the effect of the 
added masses on torsional vibration must be investi- 
gated. 

_ FLYWHEEL 

In some cases they may have a beneficial influence 
on torsional vibration, e.g., where the flywheel effect 
of the added mass is sufficient in itself to provide 
good starting and maneuvering characteristics, thus 
enabling a heavy flywheel to be discarded. 

The unbalanced rotating parts can be completely 
counterweighted, but the unbalance due to the re- 
ciprocating parts, which acts only in the vertical 
plane, can only be eliminated by overbalancing in 
the horizontal plane, or by fitting a system of gear- 
driven counterweights which rotate at engine speed 
and produce a counterbalancing force in the vertical 
plane only. Gear-driven counterweights are rarely, 
if ever, used, however, since in cases where the ver- 
tical mode of vibration is so strongly excited that it is 
necessary to counterbalance both revolving and re- 
ciprocating parts, the horizontal mode is sufficiently 
removed from the service speed range to permit 
overbalance in that plane. 

Residual secondary forces and couples, which are 
due to the obliquity of the connecting rod and act 
only in the vertical plane. can only be neutra'ized by 
fitting a system of gear-driven counterweights rotat- 
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ing at twice crankshaft speed. Devices of this type 
have been used in extreme cases with some success, 
but they are best avoided. It is better to obtain some 
relief by reducing the weight of the reciprocating 
parts as much as possible in the design stage. 
Incidentally, crankweb counterweights have the 
advantage, even in engines where the residual ex- 
ternal unbalance is negligible, that they improve the 
internal balance of the engine by reducing the un- 
balance of each cylinder individually. This reduces 
the stress and strain on the engine structure and its 
seating, which assists in preventing local vibration. 


VIBRATION INVESTIGATIONS ON EXISTING SHIPS 


The design of a new ship is an enterprise where 
the closest attention must be given to problems of 
dynamics and vibration if serious breakdowns in- 
volving costly delays and modifications are to be 
avoided. As the preceding discussion shows, a great 
deal is now known about the various possibilities of 
trouble, and methods of dealing with them have been 
worked out. But there are still so many uncertain- 
ties, particularly with regard to physical data, and 
some of the essential calculations involve so much 
numerical computation, that it is not yet possible to 


be absolutely sure that all will be satisfactory on the | 


trial trip. 

Nevertheless the knowledge and experience ac- 
cumulated from the work of research establishments 
and individual investigators should enable the gross- 
er pitfalls to be avoided. Further work on such prob- 
lems as the effect of entrained water and local struc- 
tural flexibilities on natural frequencies, together 
with mechanization of the computing processes for 
finding numerical solutions will assist towards plac- 
ing the subject upon an even firmer foundation. 

In the meantime, as Bunyan remarks in his recent 
paper,’ the sea trial of a new ship nearly always dis- 
closes some regions of the structure where additional 
stiffening is desirable. In many cases these are blem- 
ishes rather than real faults, troublesome because of 
their effect upon the comfort of passengers and crew, 
rather than because they are structurally dangerous. 
A great deal can be done with the aid of modern 
methods of sound-proofing and vibration insulation; 
the matter being one of finance rather than engineer- 
ing. 
Occasionally, however, troubles are reyealed, 
either on the trial trip or in service, which demand 
immediate attention. The task of the vibration spe- 
cialist is then to diagnose the cause and prescribe the 
speediest possible remedy. Thanks to a vigorous and 
progressive electronics industry a vast array of 
equipment is now available to assist in this task, 
including the ubiquitous resistance wire strain 
gauge which, if skilfully used, can measure the strain 
in remote parts of the structure inaccessible to other 
means, and in the rotating and reciprocating parts of 
the machinery. It can also be used in rough weather 
and is therefore suitable for measuring the stresses 
and strains under the most adverse of operating 
conditions. 

A fully instrumented program is always desirable 


for fundamental studies, and is sometimes the quick- 
est way of resolving certain detail problems such as 
investigations of local vibration where the symptoms 
are elusive. 

But, as Bunyan and other have amply demon- 
strated, there are many cases where a great deal can 
be learned by intelligent observation. In some cases 
observation alone has enabled the catise to be identi- 
fied and the remedy to be prescribed; in other cases 
preliminary observation has directed more detailed 
investigation into the channel most likely to yield a 
profitable result. Observations should be made sys- 
tematically and the following helpful suggestions, 
from Bunyan’s paper, are well worth noting. 

(a) Observe the engine r.p.m. at which the 

troublesome vibration is most pronounced. 
This is usually a fairly straightforward task, 
since the critical conditions are generally well 
defined. 

(b) Observe the direction of the vibration, 
whether principally in the vertical or trans- 
verse directions. The steering flat or the fore- 
castle are good positions for observing any of 
the principal modes of general hull vibration, 
which are usually the most strongly excited. 

(c) Observe the frequency of the vibration by 
counting the number of cycles per minute, 
preferably with the aid of a stop watch. It is 
quite possible to count up to 500 per minute 
by the simple procedure of making a pencil 
dot on a piece of paper for every ten cycles. 

(d) Observe the positions of the nodes and anti- 
nodes, i.e., the positions of minimum and 
maximum vibration along the length of the 
hull. This can be done by setting the engine 
r.p.m. to the critical value and maintaini 
this condition throughout the tests. Starting 
aft and working forward the positions of little 
or no vibration and the positions of maximum 
vibration should be marked on the strength 
deck. Experience indicates that it is often pos- 
sible to obtain agreement within +5 ft. from 
two or three ingependent observers. 

(e) Observe the nature of any local vibration, to 
decide whether it is due to vibration of the 
hull as a whole in one of its principal modes, 
or whether it is due to some other cause. It 
frequently happens, for example, particularly 
with large superstructure vessels, that the 
propeller or engine excites local vibration at 
a frequency which does not correspond to the 
frequency of a principal mode of hull vibra- 
tion. 

Higher frequency excitations are also a 
known cause of local vibration and these can 
generally be distinguished by the fact that 
variation of main engine r.p.m. does not affect 
the vibration. The source of these vibrations 
can sometimes be traced by observing the 
effect of shutting down various auxiliary ma- 
chinery, one by one, starting with the auxili- 
ary generators. This is best done in port with 
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a quiet ship, and the object is to find an exci- 
tation having a frequency which coincides 
with the frequency of the observed vibration. 
In difficult cases, involving the higher fre- 
quencies, the task may require the use of 
instruments. 

It is of fundamental importance to deter- 
mine the true nature of any local vibration 
before deciding the remedy. If, for instance, 
the vibration is the result of vibration of the 
hull as a whole, then local stiffening will not 
be the best solution and attention will have to 
be given to the possibility of modifying the 
excitation. If, on the other hand, the vibration 
is a local resonant condition, then local stiff- 
ening might well be the best solution. 

(f) Observe the r.p.m. at which any hammering 
of the steering gear occurs and also the r.p.m. 
at which there is any hammering of the tail 
shaft in the stern bearing. This information 
assists in deciding whether the vibration is 
propeller or engine-excited, and whether a 
resonant condition of the rudder is a contribu- 
tory factor. 

The observations should be made in good weather 
conditions and there should be little or no movement 
of the rudder. The results should be plotted on a dia- 
gram of the type shown in Figure 1 and notes should 
be made of any peculiarities of the installation under 
investigation, such as whether the rudder or propel- 
ler has suffered damage; whether structural damage 
has been observed in any part of the hull; whether 
the troublesome vibration occurs only under a par- 
ticular service condition; and whether the engine 
has suffered any derangement affecting, for example, 
the distribution of power among the cylinders. 


TYPES OF VIBRATION ENCOUNTERED IN SERVICE 
In the discussion on his recent paper * Bunyan 
enumerated the predominating types of vibration 
encountered in service in order of prevalence and 
severity, as follows: 
1. Types of Vibration: 

(a) Propeller-excited furfdamental modes, verti- 
cal and transverse, involving the length of 
the hull. 

(b) Engine-excited fundamental modes, vertical 
and transverse, involving the length of the 
hull. 

(c) Local vibrations in way of the stern of the 
vessel. 

(d) Local vibrations in bridge structure, aflecting 
navigation instruments, radar and radio com- 
munications. 

2. Types of Vessel: 

(a) Single-screw tankers, particularly vessels 
over 500 feet in length. 

(b) Singlescrew vessels with machinery aft. 

(c) Single-screw vessels with machinery mid- 
ships. 

(d) Twin-screw vessels. 

The larger single-screw tankers can present severe 
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vibration problems, particularly where propeller 
apertures are tight, though there have been many 
coasters where severe main engine-excited criticals 
have been troublesome. 

3. Loading Condition: 

The ballast condition was perhaps the worst 
condition, but fortunately it is often possible 
to remove the criticals from the service speed 
by “tuned” ballasting. The load distribution 
of ballast should be in accordance with the 
recommendations of the Classification So- 
ciety, but slight variations might be necessary 
for tuning in way of the last three tanks, care 
being taken to keep longitudinal stresses in 
the hull within approved limits. 

Practical examples are always one of the most val- 
uable features of engineering text-books. They are at 
once a testimonial to the writer, and an encourage- 
ment to the student. 

It is therefore not surprising to find that Bunyan 
devotes a substantial part of his paper * to examples 
which illustrate the practical application of vibration 
theory to hull and machinery problems. The topics of 
principal interest are summarized in the following 
paragraphs. 

TUNED BALLASTING 


Adjustment of ballast in tankers has proved a use- 
ful means for removing a vertical or transverse hull 
critical from the service speed. 

This expedient is based upon the simple principle 
that adding or subtracting weight at an anti-node re- 
duces or increases the natural frequency of the hull, 
while changes of weight at a node have no significant 
effect upon frequency. 

In applying tuxed ballasting in tankers it is neces- 
sary to know the nodal position in way of the last 
three tanks, just forward of the poop. It is then pos- 
sible, by making use of these three tanks, to produce 
a frequency variation sufficient to remove the critical 
from the service speed. 

Tuned ballasting is not of much value, however, in 
the case of a loaded tanker operating at a strong pro- 
peller-excited critical, since the peak tanks are small 
compared with the main tanks and, in any case, it is 
often not convenient to operate with ballasted peak 
tanks. 

Cargo vessels also do not respond very readily to 
tuned ballasting, due to the widely varying cargo 
loading conditions under which they operate. 


PROPELLER MODIFICATIONS 

Where a strong propeller-excited hull critical oc- 
curs at the service speed, cropping the propeller 
blades up to 7 per cent of the diameter permits the 
engine r.p.m. to be increased in approximately direct 
ratio, with little or no loss of efficiency. This is a very 
useful temporary expedient which might even be ac- 
ceptable as a permanent remedy, depending on 
whether or not cavitation erosion develops, whether 
the increased engine speed is permissible from the 


point of view of torsional vibration in the shaft sys- 
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tem, and whether the increased inertia loading on the 
moving parts of the engine is acceptable or not. 

The expedient of cropping the propeller blade tips 
has also been applied with satisfactory results in 
many cases of propeller-excited local vibration, 
where a reduction of the magnitude of the excitation 
is required. The magnitude of the excitation depends 
greatly upon aperture clearances, especially if these 
are smaller than the values indicated in Figure 3, in 
which case a comparatively small increase of clear- 
ance can produce a considerable reduction of excita- 
tion. 

SPEED INCREASE TO MAINTAIN POWER 

The only practical methods of increasing the blade 
tip to stern frame arch clearance in an existing ship 
are cropping the propeller blades or fitting a new 
propeller of small diameter. When using this expe- 
dient to reduce local vibration, however, it must be 
remembered that engine r.p.m. are increased in pro- 
portion to maintain the same power. It must, there- 
fore, be verified that the increased engine r.p.m. does 
not bring the new service speed closer to a hull criti- 
cal which was originally above service r.p.m. If this 
happens the vibration, though reduced in magnitude, 
might remain troublesome. If, on the other hand, 
there is a hull critical below the original service 
speed, then the alteration will be beneficial both on 
account of the reduced magnitude of the excitation 
and because the service speed is moved further away 
from the critical. 

Bunyan cites the case of a 25,000-ton s.d.w. tanker 
where cropping 0.045R off the propeller blade tips 
reduced the amplitude of a serious critical to about 
one-third its original value. 

The propeller trailing edge to rudder post clear- 
ance can also be a source of severe excitation if it is 
appreciably smaller than the value given in Figure 3. 
In a particular case cited by Bunyan, three sister 
ships had each suffered rapid tailshaft failures ac- 
companied by repeated failures of the holding down 
bolts in the thrust seatings, due to axial vibration of 
the shafting. The propeller-excited hull vibration 
had a resultant acceleration of about 7.6 ft. per sec. 
per sec. with an original propeller trailing edge 
clearance of only 0.045D. Increasing this clearance 
by 3% in. resulted in reducing the acceleration to 
about 1 ft. per sec. per sec. The leading edge to pro- 
peller post clearance was ample, enabling the in- 
creased trailing edge clearance to be obtained by fit- 
ting a new tailshaft 3% in. shorter than the original. 
The three ships have now been in operation for about 
two years with this modification and in each case 
there has been no measurable loss of efficiency. 

In other cases increased trailing edge clearance has 
been obtained by cutting away part of the leading 
edge of a finned rudder post and, in one instance, by 
also trimming back and fairing 21 in. off the trailing 
edge of the propeller blades in way of the tightest 
part of the aperture. 

Where a new propeller is to be fitted, some varia- 
tion of propeller pitch or a change in the number of 
blades are permissible methods for removing a trou- 


blesome critical from the running range. Many ex- 
amples are to be found where changing from three to 
four blades has produced most beneficial results, and 
in recent years a number of cases have occurred 
where as many as five or six blades have been used 
with advantage. 


MACHINERY MODIFICATIONS 


When troublesome hull vibration is due to primary 
external unbalance of reciprocating machinery, the 
magnitude of the excitation can be reduced by in- 
stalling a system of crankweb counterweights and 
this has the further advantage that it reduces the 
magnitude of the internal unbalance. 

This modification, however, has the disadvantage 
that it might involve considerable delay and expense, 
especially with awkwardly shaped crankwebs; and 
space limitations might prohibit fitting balance 
weights of the necessary size. 

Furthermore, the effect of the additional mass on 
the torsional vibration characteristics of the shaft 
system must be carefully investigated—cases on 
record where existing balance weights have had to be 
eliminated because of torsional vibration. A simple 
alternative, described by Bunyan and Hildrew in a 
previous paper ** consists of a single balance weight 
fitted to the propeller shaft as far aft as possible—the 
further aft the smaller the weight and the smaller its 
effect upon torsional vibration—and this has been 
successful on a number of occasions. Compared with 
crankweb balance weights, however, this device has 
no effect upon the internal balance of the engine and 
would therefore not be effective in cases where local 
vibration was due to distortion of the engine struc- 
ture and its supports, through the action of the 
individual cylinders. 

Secondary external unbalance of a reciprocating 
engine cannot be reduced by a simple system of bal- 
ance weights attached to the crankwebs or propeller 
shaft, but requires a system of gear-driven balance 
weights running at twice engine r.p.m. Devices of 
this type have been used with fair success on a num- 
ber of occasions but they are apt to develop troubles 
of their own and are best avoided. 

It is better to seek a solution by lightening the re- 
ciprocating parts of the engine as much as possible or 
by reducing the propeller diameter to permit the 
service speed to be moved from the critical condition. 

Transverse vibration of the engine about its seat- 
ing, excited by the reactions of the engine crosshead- 
guides, is sometimes troublesome. Since it arises 
from the flexibility of the ship’s structure under the 
engine considered as a whole, little can be done to 
reduce it by any reasonable amount of stiffening of 
the seating itself. A simple remedy which has been 
found effective in a number of cases, mostly on tank- 
ers but a few on midship installations, is to provide 
bracing struts between the engine and the ship’s side. 
It is desirable to introduce a shear-pin or similar de- 
vice to minimize the damage which would otherwise 
occur to the engine in the event of a collision. 

During the discussion on Bunyan’s paper’ the 
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problem of transverse vibration of the engines of 
small single-screw shallow draft craft was men- 
tioned. The trouble is apt to develop when the engine 
power exceeds about 500 b.h.p. and appears to be due 
to the difficulty of providing an engine seating of the 
depth required to ensure adequate stiffness, while at 
the same time keeping the propeller shaft at a suffi- 
ciently low level to ensure adequate propeller im- 
mersion. The possibility of dealing with this situation 
by introducing gearing between the engine and pro- 
peller shafts was mentioned, but it was considered 
that this was a matter which could only be settled 
for each case individually since there were a number 
of somewhat conflicting requirements to be met. 

In twin-screw installations two types of transverse 
vibration of the engine about its seating can occur, 
namely, a swaying mode in which the engines vibrate 
in phase, and a tuning-fork mode in which the en- 
gines vibrate out-of-phase. The tuning fork mode is 
generally the easier to excite since, like vibration of 
the prongs of a tuning fork, the motion is largely re- 
actionless so far as the mounting is concerned and 
this implies that comparatively little energy is dissi- 
pated by the engine seating. Very severe vibration 
of this type has therefore been reported in a number 
of cases, but the remedy, fortunately, is fairly simple, 
involving only tieing the engine entablatures to- 
gether by strong cross-beams. 

The swaying type of vibration is comparatively 
rare. It involves appreciable distortions of the engine 
seating and is therefore more heavily damped. Where 
troublesome vibration of this type is encountered, 
the remedy is to tie one or both engines to the ship’s 
side, taking care to protect the engines from damage 
in the event of a collision, as in the case of single- 
screw installations. 

Finally, Bunyan describes an unusual but interest- 
ing case where violent hammering at the thrust block 
was experienced through coincidence between a res- 
onant axial vibration, excited by the propeller, and 
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axial vibration excited by an engine torsional vibra- 
tion critical. In this case the trouble was overcome by 
rotating the propeller relative to the crankshaft 
through one intermediate shaft bolt pitch, thus de- 
stroying the cumulative effect of the two excitations. 
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a 1827 THE deep sea diving suit was invented by 
Siebe, an Englishman. Today the suit, a closed dress 
made of heavy waterproof canvas, is essentially the 
same. But scientific knowledge since that time has 
added many refinements which have increased the 
limits of mans’ ability to dive and work beneath the 
sea. 

An important phase of this problem and one in 
which much new knowledge has been gained is the 
breathing media used by the diver. 

The use of air is satisfactory as a breathing medium 
for diving to depths of 150 feet. It is easily supplied 
by means of compressors or air flasks. No special 
equipment is required for compressing the air. The 
only requirements are that the air be oil free and that 
no noxious gases be permitted to accumulate near 
the inlet to the air compressor. 

At depths greater than 150 feet, however, a physio- 
logical phenomena occurs, The mental faculties of 
the diver begin to dull. This effect becomes so serious 
that when divers reach depths beyond 200 feet, many 
of them are unable to perform even the simplest 
tasks. In many cases, speech becomes incoherent. 
Euphoria sometimes occurs. The limit of descent for 
the average diver on air is about 300 feet. Practically 
every subject becomes unconscious at 350 feet. 

To illustrate the mental effect of air at depths of 150 
feet or more, an interesting experiment was carried 
out using the yeoman attached to the Experimental 
Diving Unit, Naval Gun Factory, Washington, D. C. 
Being an expert typist, he eould best demonstrate the 


efficiency of mental and physical coordination. He was 
placed in the recompression chamber with his type- 
writer arranged so that he could breathe through a 
mask and at the same time copy a standard typing 
exercise. Under a pressure corresponding to 200 feet, 
the yeoman copied from an exercise book for five-min- 
ute periods, first breathing air and next breathing a 
helium-oxygen mixture. 

Upon completion of the tests he stated that he felt 
he had done better when breathing air. Actually he 
made nearly three times as many errors while breath- 
ing air, even to the point of skipping whole lines. Yet 
his sense of well-being on air, similar to intoxication, 
made him believe that he had done well during that 
period, while he was quite aware of having made some 
errors when breathing helium-oxygen. 

There can be no doubt that the peculiar mental 
effect experienced when man is exposed to high air 
pressure is caused to the greatest extent by nitrogen. 
As shown in the preceding paragraph, the use of a 
nitrogen-free breathing medium practically eliminat- 
ed the previous effects of air. The breathing of 
helium-oxygen also reduced the sense of pressure to 
about one-fourth that of air. Dives have been made 
to a depth of 561 feet using helium-oxygen mixtures 
with very little impairment of the mental faculties. 

The narcotic effect of nitorgen is comparable to an 
anesthetic. This effect is dependent on the relative 
solubility of the breathing gas in oil and water, ac- 
cording to the Meyer-Overton theory. Meyer and 


‘Qverton suggest that anesthetics act upon the lipoids 
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of nerve cells, rendering them more fluid, and thus 
changing their relation to the other constituents of 
the cells. The derangement of the physical condition 
of the cells impairs their function and narcosis results. 

The oil-water solubility ratio (solubility in 
oil/solubility in water) for nitrogen and helium are 
5.24:1 and 1.7:1 respectively. Thus the narcotic or 
anesthetic effect of the nitrogen would be much more 
pronounced. 

It was suggested that part of the narcosis may have 
been due to other causes than the solubility of the 
respective gases in oil and water. Since the molecular 
weight of nitrogen is 28 and that of helium is 4, this 
effect may have also been due in part to the difference 
in the molecular weights. To explore this theory, a 
quantity of argon gas was procured, which has a 
molecular weight of 40. The divers tested in these 
experiments were trained men of exceptional stabili- 
ty. Their experience in breathing air at pressures up 
to 10 atmospheres ranged from 5 to 20 years. One 
atmosphere is equal to a depth of 33 feet of sea water. 
As a result of this experience, they had long been ac- 
customed to the progressive stupefaction and neuro- 
muscular impairment induced by air as the pressure 
is increased from 1 to 10 atmospheres. Moreover, the 
divers were proficient in estimating their diving 
depth usually well within 50 feet of the actual depth 
by their subjective reactions. 

The tests were conducted in such a manner that the 
divers did not know either their actual depth or the 
nature of the medium breathed. They were asked to 
state their depth on the basis of previous experience 
in high air pressure environments. At actual depths 
on argon ranging from 90 to 130 feet the subjects 
reported depths approximately 1.7 times as great. 
When air was substituted for argon at the same 
depths, the mental fogginess cleared to such a degree 
that the subjects thought they were being brought to 
the surface. 

The great depressant action of argon in comparison 
with nitrogen indicates that the molecular weights 
probably do influence the effects of helium, nitrogen 
and argon as breathing media. The results of the 
above experiment are also in accord with the Meyer- 
Overton law, argon being twice as soluble as nitrogen. 

The question naturally arises why oxygen alone 
could not be used as the breathing medium. The 
physiological effects of oxygen under pressure sup- 
plied to a diver are even more sensational than those 
of air. Oxygen is toxic at high pressure, acting chieflv 
on the central nervous system. Some symptoms of 
oxygen poisoning are nausea, lip twitching, vertigo, 
euphoria, sleepiness, vomiting, and visual disturb- 
ances, which terminate in the dangerous state of con- 
vulsions if the subject is not immediately switched to 


air. Twitching of the facial muscles, especially around’ 


the mouth, is commonly known as the “end point,” 
after which a convulsion is certain to follow if the 
subject is not immediately given air. Recovery after 
breathing air is rapid. If air were not supplied, the 
subject would become unconscious and die. 
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These symptoms usually take place when the diver 
is at a depth where the partial pressure of oxygen is 
2.3 atmospheres absolute or more. Thus the maximum 
depth that should be used with pure oxygen is about 
50 feet. This is under conditions of rest and then only 
for a limited time. Activity would reduce this depth 
at which oxygen can be used as a breathing gas. It is 
obvious from the above that oxygen is not suitable 
as a breathing medium under pressure. 

When the oxygen-helium mixture is used for the 
breathing gas in deep sea diving, the percentage of 
oxygen must be so that its partial pressure does not 
exceed 2.3 atmospheres absolute. This is merely the 
recapitulation of Dalton’s law of partial pressures 
whereby the pressure exerted by a mixture of gases 
is equal to the sum of the separate pressures which 
each gas would exert if it alone occupied the whole 
volume. For example, if a dive is made to a depth of 
330 feet, which is equivalent to 11 atmospheres abso- 
lute, the maximum oxygen percentage in the mixture 
is obtained by dividing 2.3 by 11. This gives an oxy- 
gen percentage of 20.9%. It is advantageous to use 
the maximum oxygen percentage because it reduces 
the recompression time. The dominating effect on the 
diver is that of the partial pressure of the helium, and 
any reduction in the latter would produce a situation 
where less recompression is required. This is as indi- 
cated by Henry’s law whereby the amount of gas 
which a liquid will dissolve is directly proportional 
to the pressure of the gas. This holds true for all gases 
that do not unite chemically with the solvent. The 
solvent in this case are the tissues of the diver. 


The use of pure oxygen in the final stages of decom- 
pression is standard procedure in oxygen-helium 
diving. This involves the application of Dalton’s and 
Henry’s laws. At present, the diver is placed on pure 
oxygen when he reaches 50 feet. The partial pressure 
of helium in the lungs of the diver is then zero. When 
this situation exists, the elimination of the helium 
from the tissues is at a maximum since the rate of gas 
elimination is a function of the partial pressure of the 
ambient gas. In this way, the decompression time is 
decreased. 

From these observations, it could be anticipated 
that helium-oxygen mixtures would prove satisfac- 
tory for depths in excess of 150 feet. It is interesting 
to note that a mixture of oxygen and hydrogen has 
been used successfully in dives in some of the Euro- 
pean countries. However, the explosive nature of this 
combination precludes its widespread use. This mix- 
ture was tried because helium was not available, the 
United States being the only country that has helium 
in quantity. 

One of the problems confronted in helium-oxygen 
deep sea diving is the accumulation of carbon dioxide 
in the helmet. If it is not eliminated by sufficient ven- 
tilation or some absorption process, it will be inspired 
by the diver. This causes carbon dioxide symptons if 
the effective concentration is greater than 3%. 

In normal breathing, the carbon dioxide which is 
deposited by the blood in the lungs is about 5.3%. As 
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Figure 1. Sketch of HeO. Recirculating System 


breathing proceeds, fresh air is taken into the lungs 
and is mixed with the air in the lungs. Upon exhala- 
tion, the mixture which is released will contain some- 
what less than 5.3% of carbon dioxide. With each 
breath the carbon dioxide is washed out of the lungs 
so that the amount left is always about 40 mm. par- 
tial pressure. Through automatic features in what is 
called the respiratory center through which the blood 
flows, the depth of the breath and the number of 
breaths per minute are regulated so as to maintain 
the partial pressure of the CO, in the blood and the 
partial pressure in the lungs nearly constant. 

If air containing 4% CO. were breathed at atmos- 
pheric pressure it is easy to see that a great increase 
in lung ventilation would be necessary in order to 
keep the CO, in the lungs at 5.3%. If we breathed air 
containing more than 5% CO. we would soon find 
that no amount of ventilation would keep the lung 
CO, down to 5.3%. This would result in severe pant- 
ing followed by collapse. 

The physiological effect of gases present in the air 
breathed depends on their partial pressure. Hence the 
volume per cent of CO, in the inspired air that can 
be tolerated is inversely proportional to the absolute 
pressure. Thus at a depth of 264 feet, or 9 atmospheres 
absolute, 0.33% of CO. would have the same physio- 
logical effect as 3% would have at the surface. If a 
man is breathing air in a confined space at one at- 
mosphere and the CO, builds up to 1 or 2%, he may 
not notice the change in breathing. If, however, this 
space were suddenly compressed to several atmos- 
pheres, this same percentage that was hardly notice- 
able before would now become intolerable. It is 
therefore imperative in diving that the effective car- 
bon dioxide percentage remain as low as possible. 

In order to keep the CO, concentration within 
satisfactory limits, it is necessary to ventilate the hel- 
met at a rate of from 1 to 4.5 feet per minute. The 
latter value is necessary when the diver is performing 
hard work on the bottom. 


To use this volume of helium-oxygen gas per 
minute would require very large reserves. This would 
obviously be most impractical and especially so when 
diving is performed from a ship. It would also be ex- 
pensive. Furthermore, the work necessary to mix 
these huge amounts of gas would produce a labor and 
storage problem. The gas is mixed by splitting a full 
bottle of helium into an empty one. Following this, the 
oxygen is added from another bottle to the desired 
percentage. Since it is necessary to determine the 
oxygen percentage within 0.5%, the oxygen content 
of each bottle must be tested. This is done by means 
of a Haldane or Pauling analysis apparatus. Clearly 
then, the amount of labor to mix gas for one deep dive 
would be prodigious. : 

In order to reduce the amount of gas used, it was 
necessary to develop an apparatus that would use less 
gas and at the same time remove the excess carbon 
dioxide, remove the excess moisture and provide 
make-up oxygen for that consumed by the body. The 
first consideration was the oxygen, for in addition to 
making certain that the diver has enough oxygen to 
sustain life, it was highly desirable to keep up the 
oxygen partial pressure so as to prevent the increase 
of partial pressure of the helium that controls the 
decompression requirements, Calculations showed 
that a half a cubic foot (14 liters) of gas containing 
not less than 15% oxygen would sustain life in a man 
doing fairly hard work. 

A closed circuit which would return the exhaust 
gas to the surface for revitalization would be imprac- 
ticable. The first thought was to provide the diver 
with supplementary equipment somewhat resem- 
bling a rescue breathing apparatus, including a com- 
pressed supply of oxygen-helium mixture. This idea 
was abandoned in favor of purifying the gas con- 
tained in the diver’s dress by forcing it through a 
chemical absorbent. 

In the rescue breathing apparatus a mouthpiece is 
employed whereby the lung pressure is used to ac- 
complish the circulation. In order to avoid the use of 
a mouthpiece and yet maintain a forced circulation it 
was suggested that the oxygen-helium supply which 
provides the make-up helium-oxygen be used as the 
driving agent in an aspirator to force the helmet gas 
through the absorbent without effort or attention on 
the diver’s part. 

The standard hose and fittings were retained. A 
small hose was led from the regular hose on the sup- 
ply source or surface side of the control valve. With 
this arrangement the driving gas was led to the 
jet described below, with the control valve closed. 
Should the diver require a sudden additional supply 
of gas as in descending, he has merely to open his 
control valve. 

The aspirator, or the recirculating system, is a 
venturi tube, into the throat of which a jet is fitted 
having an orifice so proportioned that with 50 pounds 
per square inch differential pressure, a volume of 
helium-oxygen gas is introduced which is sufficient 
to replace the oxygen consumed in respiration. At the 
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same time, the venturi tube forces a volume of gas 
from the helmet through the cannister and back into 
the helmet. The excess gas that tends to accumulate 
escapes through the exhaust valve. By means of this 
recirculating system the diver is given sufficient ven- 
tilation and uses only about one-fifth of the amount of 
gas that would be required using normal ventilation. 

In the beginning, soda lime was used as the absorb- 
ent, but experience showed that it did not absorb the 
moisture. This excess moisture not only fogged the 
face plates of the helmet, but also dampened the soda 
lime which reduces its effectiveness and allowed 
carbon dioxide to build up. 

Shell Natron, a caustic potash mixture in shell 
form, is now used and is quite satisfactory. It has a 
strong affinity for moisture and for this reason will 
not deteriorate when exposed to air. One pound has 
been found to last three hours with the diver at rest 
and 30 minutes doing hard work. Approximately 
three pounds of Shell Natron are used in the cannis- 
ter. Although this may seem insufficient for a long 
dive, it is enough because the decompression time 
limits the time spent on the bottom to about 30 min- 
utes. This of course varies somewhat with the depth. 
The remainder of the time is spent in decompression 
and this can be considered rest. 

With the improved recirculation system, it is now 
possible to go to depths of at least 561 feet with no 
danger of excessive carbon dioxide. 


It is the opinion of the medical authorities in this 
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field that man is physiologically capable of deseent to 
a depth of 1000 feet without any ill effects, provided 
he were decompressed properly. But it is doubtful 
that dives in excess of 600 feet will ever be practical. 
At present satisfactory and practical decompression 
tables have not been completely formulated. This 
would require a great amount of experimental work. 
Following this field tests would have to be made. It 
has been found that more bends always occur in 
actual dives than in the experimental ones made in a 
pressure tank. But it is certain that in deeper dives 
the amount of decompression time would be prodi- 
gious in comparison to the time spent on the bottom. 
A 10 minute dive at 600 feet would require approxi- 
mately 4 hours of decompression. These dives would 
clearly be only observation dives with no time left for 
actual work, even though the diver was physically 
and mentally capable of performing work. 

In addition to the decompression problem there are 
other difficulties encountered in deep dives. Visibility 
at great depths is very poor, especially if the bottom 
is muddy. The diving hose has to be of such great 
length that even moderate currents tend to sweep the 
diver off the bottom. This might cause him to blow up 
to the surface. This fast ascent would almost certainly 
be fatal because of gross bubble formation in the 
body. Any equipment or hose failure might also be 
fatal to the diver. The diver is aware of this and hence 
the psychological climate for extremely deep dives is 
not favorable. 
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INTRODUCTION 


he TECHNICAL problems arising from the 
vibration of gas turbine blades and of marine propel- 
lers have become of increasing importance in recent 
years. Gas turbine blades can fail if the frequency of 
the aerodynamic forces is near the important reso- 
nant natural frequencies of the blade. In the marine 
field, propellers can “sing” if the frequency of the 
hydrodynamic forces are very near the natural fre- 
quencies in torsion and bending. Thus there is a need 
for practical determinations of natural frequencies 
and natural modes of vibration so that large ampli- 
tudes of motion and singing may be avoided. 

There are basically two methods of approach to this 
vibration problem. The first is the analytical com- 
putational method. This method of solution presents 
complexities since it depends upon expressions which 
involve the variable thickness, the non-symmetrical 
contour, and the helical form.of blades. In any but the 
most simple cases, these expressions are very compli- 
cated. The final results and interpretations are de- 
pendent upon the complete solution of a set of de- 
pendent or coupled differential equations which 
involve these complex expressions. In most cases, a 
solution is impractical if not impossible. 

The second approach to the problem is the experi- 
mental method. This method, in contrast to the first, 
provides two advantages. First, it allows the natural 
modes of vibration to be determined practically while 


in motion. Second, it suggests a simplified electronic 
device for measuring these vibrations. 


METHODS OF BLADE EXCITATION 

It is clear that the experimental method is a prac- 
tical one to use if any quantative information is to be 
obtained. In the past a number of these methods have 
been developed by various research workers in this 
field. A brief description of these previous methods 
of blade excitation will be presented before any 
theory is discussed. 

The crudest method of excitation is that of bowing. 
In this method a bow, such as a violin bow, is drawn 
across the edge of the blade. This causes the blade to 
vibrate. The natural frequencies can then be mea- 
sured by analyzing the noise generated by the motion 
of the blade. This method is used chiefly for finding 
the lower modes of vibration, since the higher modes 
are rapidly damped. (1) 

A more extensively used system is that of pneu- 
matic excitation. In this system air is blown onto the 
surface of the blade from a specially designed nozzle. 
Vibrations can then be excited if the spacing between 
the blade and the nozzle is suitably adjusted. How- 
ever, as in the bowing method, the higher modes of 
vibration are not easily excited. (1) 

However, the most common method used today is 
that of electromagnetic excitation, which may be 
broken down broadly into two types. These are the 
transducer method and the eddy-current method. (1) 
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The transducer method uses a modified loudspeak- 
er as the exciter. In this method the speech coil is 
directly coupled to the blade root. When the loud- 
speaker is driven by an audio-frequency oscillator, 
the blade can be set into vibration at any desired fre- 
quency. The range, in this case, is extended to 10,000 
cycles per second, but the power requirements are in 
the range of 1,000 watts. No readily available appa- 
ratus can be used that will supply such a high power 
requirement. 

The eddy-current method makes use of an alter- 
nating magnetic field. In this case a force is produced 
by the magnetic field which causes the blade to vi- 
brate. Although this method increases the frequency 
range considerably, the efficiency of the system is 
very poor, and large sources of power are required. 
These power requirements are in the range of 1,000 
watts. 

These are the four main methods of approach to the 
problem. They are all deficient because of higher 
power requirement needed or because only the sim- 
pler modes of vibration can be detected. (1) More- 
over, the apparatus for these methods is also either 
very crude or very expensive. 


THEORY OF ELECTROSTATIC METHOD 

Thus far, the problem of determining the natural 
modes of vibration for gas-turbine blades has been 
discussed and the current methods of solution to this 
problem have been considered. It was found that 
these methods all possess certain disadvantages. In 
contrast, the electrostatic method of excitation over- 
comes these disadvantages to a large extent. 

Basically, the electrostatic method is straightfor- 
ward. Vibration of the blade is accomplished by plac- 
ing it near a metal block. The block is so designed 
that its fundamental natural mode is much higher 
than any mode of the blade. If a potential is placed 
across these elements, a charge will be produced on 
their surfaces. This charge will be positive on one 
element and negative on the other. For example, the 
blade will be charged positively, while the block is 
charged negatively. Since unlike charges attract, a 
force will exist between them. If the block is rigidly 
mounted, the blade will be deflected. 

If a sinusoidal variation of potential is used, the 
problem becomes more complicated. Since the charge 
existing on the blade and block is directly propor- 
tional to the potential, the amount of charge will also 
vary sinusoidally. Hence, the force, being proportion- 
al to the square of the charge, will cause the blade to 
vibrate as the square root of a sinusoidal forcing 
function. This relationship between the force and the 
voltage may be computed by considering the mathe- 
matical derivation. 

If it is assumed that the surface of the blade and 
the block are perfectly conducting, that a linear dis- 
tribution of charge exists on their surfaces, and that 
the effective spacing and area are constant, it is evi- 
dent from Coulomb’s Law (3) that: 

(2 


(1) 


332 __A.S.N.E. Journal, May 1956 


where F is the force, Q is the charge on one of the 
surfaces, D is the spacing between the elements, A is 
the effective area, and «, is the dielectric constant of 
a vacuum. If this equation is solved for the force, it is 
found that: 

v7e,A 

= "2D? 
This gives the general expression relating the force 
to the voltage, where v is the voltage. 
If this potential is a sinusoidal variation, then: 


_ (VpSinot)?2,A 


i 2D? 


(3) 


where V,, is the peak voltage. Simplifying this: 


which is equivalent to: 


F= , 1—cos2t 
~ 2D? 2 


This expression may be simplified to give: 


Examination of this solution reveals some very 
important facts. Placing a sinusoidal potential be- 
tween the blade and the block has the effect of pro- 
ducing a constant force between these two elements 


equal to: 


sin? wt (4) 


) (5) 


e,AV,,” 
(7) 
This means that since the block is rigidly mounted, 
the blade will be deflected from its manufactured po- 
sition towards the block by a constant amount. The 
blade will not be driven around this new mean by a 
force: 


F=— cos 2at (8) 
or: 
F= 4D? sin 3) (9) 


which shows that the oscillating part of the force lags 
the exciting potential by ninety degrees. 

This solution has revealed two facts which may be 
used to determine the type of components necessary 
for the system. First a sinusoidal input gave the solu- 
tion of equation (6). Since the second term on the 
right-hand side of this expression is the type of force 
required, an alternating current source is obviously 
necessary. 

The first term on the right-hand side means that the 
blade will be deflected toward the block by a constant 
amount. To counteract this undesirable effect, a force 
given by the negative of equation (7) is required. 
Since the only variable in this expression is Vn, a 
direct current source is necessary. 

However, some method must also be developed to 
observe the motion of the blade and an arrangement 


made for holding the blade and block rigidly. 
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EXCITING VIBRATION IN BLADES 


DESIGN OF THE SYSTEM 


From the previous discussion, it is evident that four 
components must be designed. These are an alternat- 
ing current source, a direct current source, an ob- 
serving-measuring device for the vibrations of the 
blade, and a mounting for the blade and block. How- 
ever, before considering the design of these devices, 
an examination should be made of the whole system. 

Figure 1. is a block diagram of the system showing 
the four components which must be designed. Each 
component may now be considered as a part of the 
system. This will allow both the requirements of the 
system and the specifications of the individual com- 
ponents to be determined at the same time. 


AC.BLOCK 
TRANDUCER O 
SOURCE 

S OSCILLOSCOPE 
source] —— BLADE 


Figure 1. Block diagram of apparatus showing essential 
components. 


In order to consider the alternating current source, 
it is necessary to examine the characteristics of the 
blade. The mechanical construction of the type of 
blades to be studied is such that the frequency range 
of this alternating potential should be from 20 cycles 
per second to 7,500 cycles per second at a magnitude 
of approximately 5,000 volts r.m.s. (1) The current 
requirements will be less than 5 milliamperes be- 
cause of the high impedence of the blade and block 
assembly. This impedence will have a minimum 
value in the range of 2 megohms. The distortion of the 
potential should also be kept to a minimum. 

The blade, DC block, and the direct current source 
shown in Figure 1. were found to be necessary in 
order to counteract the constant attractive force ob- 
tained from the alternating current potential. Be- 
cause of the magnitude of this alternating potential, 
the direct current source should be variable and ca- 
pable of a maximum of 8,000 volts. The potential 
should also be constant, and the ripple content kept 
to a minimum. The design will be simplified, how- 
ever, since the blade and block are an open circuit to 
direct current. This means that no load current is 
required. 

A method is also needed for observing the motion 
of the blade. Since the vibrations are relatively high 
in frequency and the displacements very small, vis- 
ual observation is impossible. As a result, a device 
must be designed which will allow these observations 
to be made. There are three types of systems which 
can be used. They are an optical system, a sound sys- 
tem, and an electrical system. (2) Only one of these, 
however, is economically feasible as a starting point 
for the design. This is the electrical system which em- 
bodies a phonograph-type transducer for converting 


the motion to an alternating potential, and an oscil- 
loscope for observing this potential. (1) These are 
shown in Figure 1. 
Moreover, the blade and block mounting exhibited 
in Figure 1. must hold these elements in position. This 
requires a universal type of assembly, since the 
blades vary both in length and in root dimensions. 
The blocks should be movable so that the forces can 
be applied at any point along the length of the blade. 
The spacing between the blade and block must also 
be adjustable, and the entire mechanical assembly 
rigid while in use. 
Alternating Current Source 
In approaching the design of an alternating current 
source, two types of devices can be considered. These 
are an alternating current machine and an audio os- 
cillator. Primarily, machinery is too high in cost and 
it is not readily available for the required output spe- 
cifications. In contrast, an audio oscillator is low in 
cost and is readly available, but its maximum output 
potential is only in the range of 100 volts. 
If we assume that an audio oscillator is to be used, 
some type of device is necessary for amplifying the 
output of the audio oscillator to the required 5,000 
volts. This device must give the amplification with a 
minimum of distortion, and couple the oscillator and 
load. Because of the capacitive nature of the blade 
and block assembly, transformer coupling to the load 
is also necessary. Resistance and direct coupling are 
not feasible. (4) 
The required voltage amplification can be obtained 
by use of either vacuum tube amplifiers or step-up 
transformers. However, it was found that by the use 
of a combination of these, satisfactory results could 
be obtained using readily available standard electri- 
cal parts. 
Moreover, several power amplifier and transformer 
combinations may also be operated in parallel with 
the secondaries of the transformers connected addi- 
tively in series. A single transformer for this situation 
is again not a standard type, but the use of several 
transformers offers a better solution. Power trans- 
formers of the 60-cycle type can be used. These meet 
the required frequency range and step up the voltage 
without introducing too much distortion. A single 
transformer does not have the required step-up, but 
two power transformers, with their secondaries in 
series, are more than sufficient. 
Figure 2. is a diagram of the alternating current 
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Figure 2. Block diagram of A.C. source. 
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source used. The audio oscillator is a Hewlett-Pack- 
ard model 205A, This model has a maximum output 
of 100 volts at five watts toa matched load and a fre- 
quency range of 20 cycles per second to 20,000 cycles 
per second. The output voltage and frequency are 
variable. The harmonic content of the output is very 
low and an output impedence control is provided for 
varying the output impedance to match the oscillator 
to its load. 

The power amplifiers are of the standard type. 
Figure 3. is a schematic diagram of one of these. This 
type of amplifier is capable of passing the required 
frequency range without introducing a considerable 
amount of distortion. 

The power transformers, as stated previously, are 
of the standard 60-cycle type. They are Navy Model 
CRV 30810 transformers, having a tapped 105, 115, 
and 125 volt primary winding, and a center tapped 
3,200 volt secondary winding. These were found to 
meet the required frequency range without introduc- 
ing an objectionable amount of distortion. As can be 
seen from Figure 2., the primaries are each supplied 
by separate amplifiers and the secondaries are con- 
nected additively in series. 


Direct Current Source 
From the previous mathematical derivation, it be- 


6L6GA 


came apparent that a counteractive force would be 
required in order to equalize the constant portion of 
the force obtained from the alternating current po- 
tential. This force is to be obtained by placing a di- 
rect current potential across a second block and the 
blade. The direct current source must deliver a max- 
imum of 8,000 volts; it must be variable, and must 
have an output with a very low ripple content. It need 
supply no load current. 

There are three methods by which this type of di- 
rect current potential might be obtained. They are 
direct current machinery, a 60-cycle step-up trans- 
former type of supply, and a television-type high 
voltage supply. 

The first two of these methods of approach are very 
expensive to build. The third type of supply, how- 
ever, offers a much more economical solution. In this 
type an oscillator generates a sawtooth voltage of 
high frequency, which is amplified and passed to a 
flyback transformer, the primary of which acts as an 
auto-transformer. This gives the required high volt- 
age. (5) The transformer itself also has a secondary 
winding, which in conjunction with a field coil and 
damper tube, converts the voltage obtained from the 
secondary winding to a direct current potential. This 
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Figure 3. Schematic diagram of power amplifier. 
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Figure 4. Schematic diagram of D.C. source. 


potential is then used to supply the plate require- 
ment of the oscillator and the power amplifier. 

The high voltage obtained from the primary of the 
flyback transformer is rectified by a standard high- 
voltage rectifier tube, such as a 1B3 or a 1X2. The 
voltage is then filtered by a resistive and capacitive 
type of network. The value of the capacitance re- 
quired is small in this case because of the high fre- 
quency and high resistance used. The condensers are 
usually of a value of 500 micromicrofarads, at 20,000 
volts and the resistors, two megohms at one-quarter 
watt. These parameters are standard, low cost units. 


The advantage of this type of direct current source 
is its ability to supply very high voltage at low ripple 
content. The principal disadvantage is instability due 
to the fact that the plate voltage for the oscillator and 
power amplifier is obtained from the flyback trans- 
former. 

As an alternative, a modified type. of television 
high-voltage supply seems most desirable. This sys- 
tem should use an oscillator, power amplifier, flyback 
transformer, rectifier, and filter, as before. However, 
the secondary winding of the flyback transformer 
cannot be used and the plate voltage should be sup- 
plied by a standard type of power supply. This elimi- 
nates the instability, while retaining the other ad- 
vantages of this type of system. 


Figure 4. is a schematic diagram of the direct cur- 
rent supply used. The oscillator generates a sine wave 
and uses a 6A8 penagrid tube. The tuned circuit uses 
a Motorola 24K701558 horizontal oscillator coil. 

The power amplifier itself is a conventional type, 
using a 6BQ6 pentode tube. The input voltage to the 
power amplifier is variable, so that the output can be 
adjusted. Coupling between the oscillator and the 
power amplifier is accomplished by means of a 
standard interstage transformer. The plate voltage 
requirement is supplied from the power supply and 
the output of the power amplifier is coupled to the 
flyback transformer. 

The flyback transformer, a Motorola type 
24K721301, is used as an auto-transformer. The core 
is arranged so that the reluctance of the magnetic 
path can be varied. This allows the maximum output 
of the direct current source to be preset. 

Rectification is accomplished by means of a 1B3 
rectifier tube and filtering is accomplished by means 
of a resistive and capacitive network. The output is 
read on a 10,000 volt voltmeter and contains 0.35 per 
cent ripple content. 


Vibration Converter 

The vibration converter is composed of a phono- 
graph-type transducer and an oscilliscope. Consider- 
ing first the transducer, there are several types which 
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can be used. The first of these is a capacitive type of 
cartridge, which has an almost unlimited frequency 
range, (1) but is very high in cost. The second type 
of transducer is the magnetic cartridge used exten- 
sively in high-fidelity record reproducing systems. 
This type of transducer has a frequency response up 
to approximately 20,000 cycles per second, but has an 
output potential that is very low. (7) This means very 
high amplification is necessary. In this particular use 
extensive shielding is required to overcome the ob- 
jectionable distortion introduced by the extraneous 
fields. 

In this case the crystal cartridge offers a more sat- 
isfactory approach to the problem. While the fre- 
quency response is limited to approximately 10,000 
cycles per second, this type of transducer offers the 
advantages of being economical, easy to obtain and 
replace if it becomes defective. (7) 

The connection between the transducer and the 
oscilliscope is accomplished by means of two indi- 
vidually shielded leads twisted together. It was found 
previously that the use of the usual single shielded 
lead, with the shield acting as the return conductor, 
resulted in excessive distortion. 

Figure 5. is a diagram of the vibration converter 
itself. The transducer is an Electrovoice Model 7 crys- 
tal cartridge; the leads are type RG29/U coaxial 
cable, and the oscilliscope is a Dumont 304 H Oscillo- 
graph. 

ENCLOSURE FOR 
INPUT TERMINALS 


CRYSTAL 
CARTRIOGE 


NEEOLE 


BLADE GROUND 


Figure 5. Diagram of vibration converter. 


The entire unit is completely shielded except for an 
eight-inch hole, through which the needle protrudes. 
The case of the oscilliscope, the enclosure for the in- 
put terminals of the oscilliscope, the shield of the co- 
axial lines, the universal-type mounting, and the case 
of the crystal cartridge, are all connected to ground. 
This is necessary to eliminate the distortion caused 
by the electric and magnetic field produced by the 
high voltage. 


Blade and Block Assembly 

In addition a device is needed for mounting the 
various types of blades that will be tested, for posi- 
tioning the blocks, and for holding the crystal cart- 
ridge so that the needle will rest on the blade. This 
device must also be rigid and provide the necessary 
electrical connections. 

In Figure 6., an example of the specific type of 
blades to be studied is shown. A table-top type of vise 
offers an effective method of rigidly clamping this 
type of blade. A false set of jaws is grooved to take 
the blade root, and a screw-down type of electrical 
terminal is attached to one of the false jaws. The vise 
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Figure 6. A typical gas-turbine compressor blade. 


is bolted to the base used for mounting the entire 
assembly. 

The blocks themselves are mounted by means of L- 
shaped brackets. The front vertical surface is faced 
to take the side of the block, and is also slotted for 
the bolt fastening the block to the bracket. This ar- 
rangement allows the block to be moved back and 
forth in the slot to adjust the spacing. The base of the 
L-shaped bracket is fastened to a slot in the base by 
means of a guide. This allows the block to be moved 
to any position along the length of the blade. The 
blocks also have screw-down type terminals for the 
electrical connections. 
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The crystal cartridge mounting is so constructed 
that the neédle of the crystal cartridge can be posi- 
tioned at any point in any plane. The assembly is 


made of a vertical rod coupled to a horizontal rod. By 


moving the horizontal rod up or down the vertical 
rod, any horizontal plane can be obtained. The hori- 
zontal rod can then be rotated to any angle in the 
plane, and tilted at the position selected. The end of 
the horizontal rod is fitted to mount a standard type 
of crystal cartridge. 

The entire blade and block assembly must be freely 
suspended since extraneous vibrations are trans- 
mitted to the blade through the base and vise if a 
direct contact is made with any other surface. These 
extraneous vibrations distort the vibrations pro- 
duced by the alternating current potential. The sus- 
pension is obtained by the use of a two-inch thick pad 
of sponge rubber, having the same length and width 
as the base. This blade and block assembly is shown 
in Figure 7. 


Figure 7. Mounting of blade and associated components. 


EXPERIMENTAL PROCEDURE 


The original problem, as stated, was to determine 
the natural modes of vibration of gas turbine blades. 
This problem can be reduced to two subdivisions; and 
if accurate information can be obtained about these 
subdivisions, the solution can be evaluated. (2) 

The first part of the problem is the determination 
of the natural frequency of each mode and the identi- 
fication of the mode. (8) This, of course, means find- 
ing the principal and higher modes of the transverse 
and torsional vibrations. 

The second part of the problem is the determina- 
tion of nodal patterns present on the blade while it is 
vibrating in a natural mode. Normally, this vibration 
is of the traveling wave type, but becomes a standing 
wave when the blade vibrates in one of its natural 
modes. This means that the nodes or more specific- 
ally the nodal lines are fixed physically. All these 
nodal lines considered together comprise the nodal 
pattern of the particular mode. (9) 

From this brief discussion of the problem and the 
description of the operation of the system given in the 
section entitled, “Design of the System,” it can be 
concluded that a direct method is available for de- 


termining the first part of the problem. As previously 
stated, the displacements increase as a natural mode 
is approached. Also, the amplitude of the wave form 


ton the oscilliscope is proportional to the displace- 


ment. Thus, as the frequency of the driving force is 
varied, the wave form on the oscilliscope will reach 
a maximum as a natural mode is approached. 

The actual numerical value of the frequency at 
which the blade is vibrating can be determined by 
either of two methods. These are first, by doubling 
the frequency on the audio oscillator dial, and sec- 
ond, by means of lissajous figures. It was previously 
found that it is most desirable to use lissajous figures, 
since distortion is present in the alternating current 
potential. This distortion, combined with the low 
damping of the blade, will cause the blade to vibrate 
in one of its modes when the fundamental of the driv- 
ing force is setat . . . 3,2,1,%,% . . ., and so forth, 
of the frequency of that mode. Table 1, is an example 
of this characteristic of the system. The blade is a 
General Motors, Allison Division, part number 
8981180B, gas turbine blade. 


| Mul!tinle Frequency | Frequency 


Multiple 
| of Natural of Force Natural of Force 
Frequency | Frequency 
Number Cycles per Number Cycles per 
second second 
1/6 40.0 1 240.0 
1/5 48.0 2 480.0 
1/4 60.0 3 720.0 
1/3 80.0 4 960.0 
1/2 120.0 


Table 1. The frequencies of the driving force at which the 
first transverse mode can be excited. 


The frequencies of the first several natural trans- 
verse and torsional modes for the above mentioned 
blade are given in Table 2. 


Transverse Mode Torsional Mode 
Mode Frequency Mode Frequency 
Number | Cycles per Number Cycles per 
i second second 
240.0 1846.0" 
1060.0 2 5420.0 
3390.0 


Table 2. The frequencies of the first few modes. 


As stated previously, the second part of the prob- 
lem is that of determining the nodal patterns. A direct 
method is not available for determining these. How- 
ever, a standing wave does exist on the blade. This 
means that the modes or points of maximum displace- 
ment and the nodes or points of no displacement are 
positioned at particular physical locations on the 
blade. This allows a probe to be used to determine the 
location of the nodes. If the probe is placed on the 
blade at any point that is vibrating, the motion will 
be highly damped. If, however, the probe is placed at 
a node, the motion will not be damped, since that 
particular point is not moving. This characteristic 
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Figure 8. Laboratory Model 


makes it possible to trace the pattern of the nodes 
present on the blade. (1) 

Ficure 9. shows the nodal patterns for the previous- 
ly mentioned gas-turbine blade vibrating in its second 
and third transverse and first and second torsional 
modes. It is of interest to note that the nodal lines are 
not straight and transverse. This condition is due to 
the fact that the blade is twisted. The angle of twist 
for this particular blade is thirty-five degrees clock- 
wise from the base to the free end. 

Of course, the determination of the resonant fre- 
quencies and the nodal patterns is by no means a 
complete solution to the vibration problem. If a com- 
plete solution is desired, many other characteristics, 
such as the damping and the effect of the degree of 
clamping, (10) would have to be studied. This paper, 
however, is concerned with the design of the system 
rather than the study of the vibration problem. 
Therefore, further study of the vibration will not be 
discussed here. 

SUMMARY 


The electrostatic method of excitation described in 
this report is based on the fact that an alternating 
current potential impressed across a blade and a 
block gives a force: 


sin (Qot— ) (10) 


4D° 4D 


The constant term in this expression is equalized by 
a force obtained from a direct current potential. This 
leaves a resultant force: 
2 
F= — sin (11) 

Since the block is rigidly mounted, the force causes 
the blade to vibrate. A needle from a crystal phono- 
graph cartridge follows the motion of the blade, and 
causes an electrical potential to be generated. This 
potential is transmitted by means of a pair of coaxial 
lines to an oscilliscope, which traces it as a function of 
time. The resulting figure is proportional to the vi- 
brational displacements as a function of time. 

Two experimental methods have been described 
for using the system to obtain information necessary 
to determine the natural modes of vibration. The 
problem has been reduced to two parts: first, finding 
the frequency at which the natural modes occur; and 
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second, obtaining sufficient data to plot the nodal 
patterns. 

A consideration of the operation of the system gives 
a solution to the first part of this problem. Since the 
displacement of the blade is greatest while the blade 
is vibrating in one of its natural modes and the am- 
plitude of the wave form on the oscilliscope is directly 
proportional to the displacement of the blade, the 
frequency can be determined. 


Second order transverse mode. 
Frequency , 1,060 cycles per second 


Third order transverse mode. 
Frequency, 3,390 cycles per second 


Fundamental torsional mode. 
Frequency, |,346 cycles per second. 


Second order torsional mode. 
Frequency, 5,420 cycles per second. 
Figure 9. Several Modes of Vibration. 
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The nodal patterns, although they cannot be found 
directly from the wave converter, are easy to find. A 
probe is placed on the blade at different points. When 
the blade is vibrating in one of its natural modes, a 
standing wave is present; consequently the motion of 
the blade will be damped unless the probe is placed 
on a node. This allows nodal lines to be determined, 
and the nodal pattern ascertained for a particular 
mode. 

Undoubtedly, the system described in this paper is 
very crude, since it is one of the first of the electro- 
static type. It has certain limitations, such as a limited 
frequency response and a small percentage of dis- 
tortion in the driving force. Development, however, 
can overcome these limitations to some extent and 
greatly extend the usefulness of the system. The 
theory and a working model have been presented in 
this paper. Further application and development can 
progress from this starting point. 
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Wane EVERY ENGINEER, regardless of where he is, or 
what he is doing, should be interested in anything 
that will add to the prestige of the profession, the fol- 
lowing statements are directed primarily to members 
of national engineering societies engaged in the prac- 
tice of consulting engineering. The number of mem- 
bers of the several societies employed in consulting 
work represents a large segment of the total mem- 
bership of such societies. Also this group has perhaps 
a greater obligation to the profession than any other, 
as the perfection of its accomplishments and its ad- 
herence to ethics of practice are constantly under the 
scrutiny of the general public. 

Those engaged in consulting practice consist of 
members of many different organizations varying in 
size from the individual consultant with few if any 
associates, to large firms equipped to handle projects 
of any magnitude and complexity. There are firms of 
all sizes specializing in many divergent lines, such as 
mechanical, electrical, and hydraulic engineering. 
There are also many large organizations qualified to 
handle all phases of large projects. These latter firms 
usually have been developed over a long period of 
time and include experts in all the major branches of 
engineering. Among all of the aforementioned types 
of consultants there is a difference in age and ex- 
perience of the members of the organization. With all 
of the many groups both large and small, and of 
varied training and experience, that are covering the 
myriad special lines of engineering work, it is to be 
expected that the degree of perfection, so far as final 
results are concerned, will vary. After all, it is im- 
possible to get away from the fact that good engineer- 
ing is the product of man’s brain, either individual or 
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collective, and there is no common yardstick to apply 
to such service. The real measure of service lies in the 
production of final results in the most efficient and 
economical way. 

Anyone engaged in engineering work can do many 
things to enhance the standing of the profession in 
the minds of the lay public. Undoubtedly one of the 
best means of doing this is by rendering better and 
more efficient service. It is believed, however, that 
there are a few aspects of professional conduct with- 
in the profession itself that present a real threat to it, 
and the correction of these faults will go a long way 
toward enhancing the standing of the profession. 

The question of proper professional conduct within 
the field of engineering practice is receiving a great 
deal of study by many of the leading engineering so- 
cieties. It is well that this is so since the accelerated 
tempo of the current economy has engendered many 
new organizations dealing wholly or in part with en- 
gineering matters as well as many which offer vari- 
ous combinations of engineering service, contracting, 
and manufacturing. The very nature of the activities 
of many of the new firms, as well as that of some of 
the older ones, has placed emphasis on the commer- 
cial rather than the professional viewpoint and it is at 
least conceivable that this situation, if not controlled, 
may force the public to consider engineering as a 
commercial activity rather than a profession. The 
architects have given this subject a great deal of at- 
tention and in many respects they are ahead of the 
engineers. 

The time has come when it is necessary for those of 
us engaged in the practice of engineering to decide 
whether we are members of a profession and to act 
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accordingly, or whether our activities are commercial 
and to govern ourselves by commercial standards. 
Only those within the profession itself will or can do 
anything about the situation, and since the only 
bodies that are in a position to speak for the profes- 
sion are our engineering societies, the danger of 
making a wrong decision is a definite challenge to 
these societies. 

While the engineering profession is actually very 
old, it has been recognized as a truly learned profes- 
sion for only a little over a century. Comparatively 
speaking, it is the youngster of the accepted profes- 
sions but it has earned a status of which we are justi- 
fiably proud. This status is the result of long and 
conscientious effort on the part of many fine indi- 
viduals. It would be a shame to allow unprofessional 
practices which detract from the high standing of the 
profession to continue with anything that even gives 
the appearance of consent. 

The following subjects are believed to justify spe- 
cial attention from the national societies because, if 
not properly controlled, they will certainly under- 
mine the profession. 

1. Competitive Bidding for Professional Engage- 
ments. Instances of competitive bidding for profes- 
sional services seem to be increasing in number. 
There are cases where bids are actually requested as 
well as submitted by members of the leading engi- 
neering societies and under circumstances which 
indicate clearly that price is the controlling consid- 
eration. 

2. Advertising. The use of display and sometimes 
self-laudatory advertising on the part of members of 
the profession are also becoming more prevalent. 
Most of these cases involve those who offer a com- 
bination of engineering service with construction or 
manufacturing. 

3. Engineering by Contractors and Manufacturers. 
Engineers employed by contractors and manufac- 
turers have made outstanding contributions to so- 
ciety and to the profession. Everyone should be 
grateful for this contribution. However, there are 
quite a few cases where a contractor is given a con- 
tract under which engineering is also furnished. The 
circumstances surrounding such arrangements de- 
termine whether such a plan is to the best interests 
of the client. Also, there is a practice among some of 
those engaged in the consulting field to allow con- 
tractors and manufacturers to do engineering work 
which they, the consultants, should do themselves 
and by so doing have often brought about improper 
and expensive design. 

The foregoing list is by no means complete but most 
of the transgressions in question seem to fall into one 
of the three categories. In this discussion, fraud and 
other crimes under civil law have not been consid- 
ered. 


COMPETITIVE BIDDING 


Competitive bidding is believed to present one of 
the gravest dangers to the engineering profession. Its 
universal adoption on the part of the engineer and 


the client would end any justification for engineering 
being considered a profession. 

Competitive bidding is well established as a proper 
and many times a desirable practice in commercial- 
business transactions. It has not been a serious prob- 
lem in any of the other learned professions due to 
discipline within their own ranks. It has become a 
real problem in engineering perhaps because the 
engineer is usually directly concerned with projects 
involving competitive bidding and the expenditure 
of large sums of money. 

Engineering is the most essential component of 
every item of construction or manufacture, be it a 
sidewalk or a battleship, and since competitive bid- 
ding is adaptable to most of the other components, it 
requires some careful thinking to realize that the 
temptation to include engineering service in a bid is 
actually not to the best interests of the owner or 
client. 

It is believed that competitive bidding may be 
properly used for anything that may be adequately 
specified, but no one can adequately specify the 
workings of a man’s brain. That is exactly what is in- 
volved in engineering service. If there is any single 
lesson to be learned from centuries of professional 
experience it is that brain power cannot be and 
should not be standardized. 

There are many circumstances presented to the 
practicing engineer in the requests received for in- 
formation regarding his services. The requests range 
from a statement that bids, sometimes designated as 
sealed bids, will be received at a certain date and 
time and then publicly opened, to one which states 
the engineer has been selected to perform certain 
services and asks for a formal proposal. At times 
there is even a formal advertisement for bids. Re- 
quests for competitive bids on a price basis whether 
by letter or through a formal advertisement or the 
submission of a proposal in response to them would 
be clearly an infringement of the codes of the leading 
engineering societies. 

There are other circumstances where the proper 
procedure is not so clearly defined. It is believed that 
from a practical standpoint, a prospective client can 
very properly consider the amount of fee to be paid, 
as well as the qualifications of the engineer. The real 
purpose of the several codes is to require members to 
adhere to practical professional standards in connec- 
tion with the engagement of engineering services. 
Manifestly the selection of an engineer for any par- 
ticular task should not be based solely upon his fee, 
as the interest of the client lies in the total cost of the 
project rather than the cost of engineering. This is 
the main reason the societies have in their codes of 
ethics an article prohibiting competitive bidding, for 
often, if not generally, employment of an engineer 
with less experience and with the lowest fee will re- 
sult in either a higher total cost or an inadequate 
design. 

It must be recognized that there will constantly be 
new faces appearing in the consulting field, and such 
individuals or firms must get a start, and that only 
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time and experience can make their services com- 
parable to those of older ones. Naturally, these 
younger consultants will and can furnish services for 
lower fees than those having more expensive opera- 
tions. These newer firms or individuals have a very 
proper place in the profession as they will someday 
be the leaders and there are many projects upon 
which their services are entirely satisfactory. How- 
ever, the clients’ interests will always be best served 
if selection of engineering talent be governed pri- 
marily by qualifications needed for the particular 
project and with the fee being entirely secondary. 

It is believed that all of the practical requirements 
of the prospective client can be met and at the same 
time meet the full intent of the several codes. There 
is no reason why an engineer cannot discuss his fee 
with a prospective client whenever he is asked to do 
so. The only prohibition to his doing so is that he does 
not submit a fee when he knows that it will be solely 
controlling in the selection. It is also believed that 
each engineer will always know what the circum- 
stances are in connection with any particular project 
on which he is either asking for consideration or 
where he is responding to some form of request. It 
would certainly be proper for an engineer to state his 
fee for his engineering services during negotiations 
after he has been selected by the client on the basis 
of his professional qualifications and ability to per- 
form the services. 

A recent instance of competitive bidding is worth 
citing as it resulted in the expulsion of one member 
of the American Society of Civil Engineers and sus- 
pension of membership of others. 

Late in 1953, the State Highway Commission of 
South Carolina found itself with more work than 
could be handled by its own engineering department 
and decided to employ an engineering firm to prepare 
plans and specifications for certain structures. Bids 
from engineers were requested by advertisement in 
the manner customarily used for obtaining bids from 
contractors. Fifteen engineering organizations re- 
sponded. The “bids” ranged from 2.8 to 7.25 per cent 
of the contract cost of the work and the contract was 
awarded to the lowest bidder. 

It is difficult to believe that either the services con- 
templated by all of the “bidders” were identical or 
that all of the “bidders” were equally competent. 
“Plans and Specifications” for a bridge were specified 
but the essential matters of quality of plans and com- 
petence of engineers were not. It seems probable that 
the client not only paid the lowest fee but also may 
not have got the best in service. In this instance, the 
interests of the client and the public as well as those 
of the engineer were involved and the unmistakable 
lesson it teaches is that competitive bidding fai'ed to 
serve any of these interests whereas compliance with 
proper ethics would have served all of them. 


COMPETITIVE BIDS REQUIRED BY LAW 


It is very common to find provisions in state laws 
or city ordinances to the effect that every contract 
which involves more than a certain sum of money 
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shall be awarded to the lowest bidder after public ad- 
vertisement and such provisions have been cited as a 
reason for compelling competitive bidding for pro- 
fessional services. Fortunately this is not the case. 
The courts, through a large number of decisions, 
have held that provisions as to competitive bidding 
do not apply to contracts for personal services which 
depend upon the particular skill of the individual, 
such as the services of an attorney at law, a superin- 
tendent or architect, or a consulting and supervising 
engineer, and generally that the provisions do not 
apply to the employment of a professional man, in 
which case the authorities have a discretion as to his 
qualifications. 

The language of some of the decisions is enlighten- 
ing. The Supreme Court of Colorado in a decision 
involving the employment of an architect stated: “We 
now say that anything said in those cases that may 
be construed to be a holding that the charter provi- 
sion is applicable to a contract for architectural 
services is overruled, and we accept with complete 
approval decisions of other jurisdictions, including 
California, Indiana, Massachusetts, Minnesota, New 
York, North Dakota, Ohio, Pennsylvania, and Texas, 
holding that a municipality can contract for the 
services of an architect without complying with such 
a requirement as is contained in the charter section 
in the present case.” 

“We are satisfied to accept and adopt the following 
language... The value of such service is not to be 
measured by a mere matching of dollars, so to speak; 
it is not to be determined upon the irrational assump- 
tion that all men in the particular class are equally 
endowed with technical or professional skill, knowl- 
edge, training, and efficiency. Nor are such services 
rendered more desirable because offered more cheap- 
ly in a competitive bidding contract. The selection of 
a person to perform services requiring those attri- 
butes calls for the exercise of a wise and unhampered 
discretion in one seeking such services, for it involves 
(not only) personal and professional trustworthi- 
ness but responsibility as well.” 

The virtually unanimous action of the courts on 
this subject constitutes recognition of the profession- 
al status of engineering from a most reliable source. 
Competitive bidding is demonsirably unnecessary, 
unreliable, and unsatisfactory and we are deeply in- 
debted to our engineering societies for declaring it 
contrary to proper ethics. 


ADVERTISING 


Advertising has been a ticklish subject in profes- 
sional circles for many years. The general concensus 
seems to be that, where such services are involved, 
advertising should be limited to a professional card 
which states that the individual (or firm) is practis- 
ing a certain profession at a certain address. 

The Code of Ethics of the American Society of Civil 
Engineers (Article 7) states that it shall be con- 
sidered unprofessional and inconsistent with honor- 
able and dignified bearing for any member: “To ad- 
vertise in self-laudatory language or in any other 
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manner derogatory to the dignity of the profession.” 

Other societies have similar code provisions and it 
is clear that in the minds of these leaders of the pro- 
fession, advertising, in the usual sense of the term, is 
not ethical. 

The Committee on Professional Practice of the 
American Society of Civil Engineers has commented 
as follows in the attempt to clarify the situation. 
Within the meaning of the Code, the Committee is of 
the opinion that: 

“Engineering firms and individuals offering pro- 
fessional services to the public may properly adver- 
tise such services by procuring the publication of a 
professional card in any magazine of technical or pro- 
fessional character having a section specifically desig- 
nated as a professional directory. Such professional 
cards shall include only the name and business ad- 
dress of the firm or individual, the names of key per- 
sonnel, and the scope of the services offered. The size 
and form of such professional cards shall be such as 
to avoid undue display and shall be in general con- 
formance with such cards appearing in the Profes- 


sional Directory of Civil Engineering, an official pub- — 


lication of the American Society of Civil Engineers.” 

“Such professional cards may not properly ke dis- 
played in any newspaper, nor in magazines of non- 
technical or nonprofessional character, nor in any 
publication which does not regularly carry a classi- 
fied section specifically designated as relating to the 
practice of professional engineering.” 

“Engineering firms and individuals offering pro- 
fessional services to the public may properly distri- 
bute to prospective clients brochures or booklets, 
containing a list of completed professional engage- 
ments, descriptions of all services offered, factual 
statements of accomplishments and qualifications of 
key personnel, and descriptions, photographs, and/or 
other illustrations of works upon which their pro- 
fessional services have been employed. Such bro- 
chures or booklets may not properly include the 
advertisement of any commercial product or equip- 
ment, nor any self-laudatory statements, They shall 
be in all respects of a character tending to uphold the 
dignity of the profession.” 

“Engineering firms or corporations offering, in 
addition to professional engineering services, such 
other services as construction, management, financ- 
ing, and personnel employment, may, under similar 
restrictions as to content, distribute brochures or 
booklets, covering all services offered, including pro- 
fessional engineering services. They may not, how- 
ever, advertise the essential combination of profes- 
sional engineering services with other services either 
in such brochures or booklets, or in any display ad- 
vertisement in a publication of general circulation, 
nor by direct statement or implication combine an 
offer of professional engineering services with an 
offer for such other services.” 

It would seem that there should be little chance of 
misunderstanding the spirit of this section of the 
Code. Essentially it is the dignity of the profession 
that is at stake and common prudence suggests that 


the proper course of action lies in the “avoidance of 
the appearance of evil.” 

It is difficult to conceive of a situation in which the 
return from an unrestricted advertising program to 
an individual engineer or firms of engineers would 
be sufficient to compensate for the sacrifice of pro- 
fessional standing, but even if the return should ap- 
pear adequate to the individual the societies should 
maintain the right to disciplinary action in case a 
member is involved. 


ENGINEERING BY CONTRACTORS AND MANUFACTURERS 


From the ethical standpoint matters get quite in- 
volved when engineering service is combined with 
construction. 

It has been said that “one cannot umpire and play 
in the same ball game” and the logic of this philoso- 
phy must be admitted. So it seems that the criterion, 
when engineering service is concerned, is whether 
the engineer is offering his services as an “umpire” 
or as a “player.” This foregoing statement stretches 
the metaphor a little but is intended to differentiate 
services as a representative of the client from those 
as a representative of the contractor. 

It is conceivable that the owner may be an engi- 
neer or have regular employees who are competent 
to judge engineering and desire to have the project 
designed and constructed under a single contract. 
Such arrangements are in fact common in industrial 
work. Engineering organizations considered are 
carefully screened prior to the negotiation of a con- 
tract and finally the functions of the engineer so far 
as ethics is concerned are performed by the owner or 
his employees. In other words, an umpire may not be 
needed. 

If, on the other hand, the owner is not prepared to 
do his own engineering and is in need of such services 
he must look to the profession and the matter of ethics 
is most important. His game needs an umpire and one 
who is above any suspicion of bias. He cannot afford 
to take chances and it is with the interest of clients of 
this type in mind that the societies have incorporated 
provisions of the following nature in their codes of 
ethics. 

“It shall be considered unprofessional, etc., to act 
for his clients or for his employers in professional 
matters otherwise than as a faithful agent or trustee, 
or to accept any remuneration other than his stated 
charges for services rendered his clients.” 

Some manufacturers of various types of equipment 
will, on request, provide engineering services in con- 
nection with plant design and some consulting engi- 
neers will incorporate the results of such engineering 
work in the plans furnished the client. This situation 
abounds in “borderline” cases so far as ethics is con- 
cerned but the main point is that a client has the right 
to expect the consulting engineer to perform services 
himself and not to delegate his responsibility. The 
fault seems to be divided between the manufacturer 
and the engineer, but from the standpoint of ethics 
the responsibility must lie with the engineer who 
permits such procedure. 
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REMEDIAL MEASURES 


Two facts seem to be quite clear: 

1. Indifference to code violation on the part of the 
profession itself is certain to be construed by the 
public as acceptance on the part of the engineers. 

2. Any remedial action to be effective must be 
taken by the societies for the reason that only they 
are in a position to speak for the profession and to 
impose disciplinary action. 

A third and rather obvious fact, so far as the public 
is concerned, is that action by all of the societies must 
be along parallel lines and the similar nature of the 
ethical codes of the several societies gives assurance 
of the possibility of such action. 

It is wishful thinking to believe that dangerous 
practices can or will be entirely eliminated by any 
action on the part of the profession. Centuries of leg- 
islation have failed to stop crime but have made it 
very unpopular and it seems probable that appro- 
priate action by the societies can reduce greatly the 
number of code violations. 

It should be remembered that every society mem- 
ber has subscribed to a code of ethics and that in the 
final analysis no member need be asked to do any- 
thing that he has not already promised to do in order 
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to follow the code. 

The real problem is, has been, and will be, the 
interpretation of the several codes and this means 
work for our Committees on Professional Practice. 
Each actual or alleged violation must be considered 
on its individual merits by competent persons and it 
is the spirit rather than the language of the code pro- 
visions that must be upheld. 

Some of our codes have been criticized as being too 
harsh and in not a few cases changes have been sug- 
gested, but generally the spirit has not been ques- 
tioned. We must be ever on the alert lest by trying to 
improve our codes we open up additional loopholes 
for use by those who desire them. “Thou shalt not 
steal” seems rather short and abrupt if not actually 
harsh, but no one has attempted to challenge its 
meaning. It certainly would not be helpful for this 
commandment to be amended to read: Thou shalt not 
steal except under the following circumstances, etc. 

Our societies probably cannot stop all code viola- 
tions but they can maintain discipline among their 
members and when this is accomplished the profes- 
sion will be in a vastly improved condition. We can 
bring this about but we must keep “on our toes” to 
do it. 
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I INTRODUCTION 


- SHIPS’ piping systems have become dominant 
equipment items in the same sense as are pumps, heat 
exchangers, and the like. Durability of piping per- 
haps has taken on greater significance in recent years. 
The security of radioactive coolant loops is, of course, 
a case in point. 

There is a substantial volume of literature on static 
properties of general piping systems. This work has 
been primarily tailored to the needs of thermal 
stress calculations. The influence of external loads, 
other than those of the anchors, and of body loads 
has not frequently been discussed. This has been 
particularly true of dynamic loads on piping systems 
except for long straight runs. 

There is good reason for this. Thermal stresses are 
the most obviously important in a majority of cases. 
And piping often constitutes a most difficult class of 
space framework to analyse. Numerical barriers to 
general solutions are quite formidable; in fact, while 
hand solutions of thermal problems are relatively 
common, the advent of automatic computing ma- 
chines has provided a great encouragement to more 
rigorous thermal analysis. In the case of dynamic 
analysis it is only the existence of automatic compu- 
tation which can justify the attack. 


As it is, it is probable that dynamic analyses would 
be confined for some time to come only to the most 
vital of shipboard piping. Piping, of course, has often 
been situated in a vibrational environment and has 
been stressed therefrom. And under shock dynamiz 
loads can be most severe. Under steady state operat- 


ing conditions a severe resonant vibration of piping 
can be detected if the systems are visually accessible. 
Hangers can be fitted to break this up. But, of course, 
the actual stresses remain unknown. And if the pip- 
ing cannot be seen during operation, even the reson- 
ance cannot be detected. To be sure, it is possible to 
test for resonant frequencies prior to service with 
small vibration generators or even by striking the 
pipe system and checking for various natural har- 
monic frequencies. And there are doubtless many 
cases where this is the more propitious action. Model 
testino for natural frequencies is entirely possible 
but suffers from problems of scale effects, the dupli- 
cation of end conditions and the like. The determina- 
tion of natural frequencies does not completely 
‘solve’ the vibration problem. It does not predict 
stress levels, nor does it give indication on what ex- 
cursions the pipe may take in service. 

The likelihood of failure of piping under dynamic 
loading may be rather remote, but there are certain 
cases where the effect of failure would be grave in 
the extreme. It is to these cases that this paper is 
addressed. 

The purpose here is to demonstrate that classical 
principles can be applied to this class of problem with 
terminal results that are not at all unlike those which 
are found elsewhere in applied mechanics and which 
are usually reserved for structures whose motion is 
primarily uniaxial. Blake and Swick (2) have re- 
cently offered an excellent demonstration of uni- 
axial motion. In this paper on space problems the 
reader will note strong similarities here to that work. 
It is demonstrated here again that once the static 
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properties (in the form of influence coefficients) 
have been established and the dynamic properties (in 
the form of natural frequencies and normal modes), 
we are quite close to solution providing that the ex- 
citing stimuli and the damping properties can be de- 
fined. In the case of shock the latter consideration 
takes on less importance. The example of a single 
specific pipe run is used. Some notes on partially 
plastic action of piping are appended. 


It STATIC-ELASTIC PROPERTIES 


Figure (1) shows a pipe run in space that can 
illustrate most of the principles that are brought out 
here and which are in general, also applicable to 
branched pizing. Notes on the effects of partial con- 
straint by hangers or anchors, and on the effects of 
long radius or compound bends appear at a later 
point to indicate fairly minor variations on the main 
theme. The illustrative pipe ABCDE is, thus, an un- 
branched (two-anchor) system with a rigid pipe 
hanger at D}. The supports, A and E, could be taken 
as pumps, heat exchanger, boilers or the like, and at 
these points the pipe is considered completely con- 
strained against flexural and torsional rotations as 
well as against displacement in any direction, under 
the influence of any load on the run. At D the hanger 
constrains the pipe against displacement in any di- 
rection but permits freedom of rotation about any 
axis again with applied loads on the pipe. run. 
(Actually the sharp corners, B, C, and D are the 


intercepts of the adjacent straight axes of the run.) 

For the sake of convenience orthogonal coordinate 
systems, n, p and t, are assigned to each straight leg 
of the run. 

It will be seen that between A and D this pipe is 
free to sway elastically with motion parallel to the 
leg ‘b’. 

In the ordinary static problem we are usually 
interested in maximum flexural, axial and torsional 
stresses and occasionally in deflections at representa- 
tive points. It is customary, and in many cases doubt- 
less more economical, to treat such problems ‘as a 
whole.’ Either all the external loads are treated at 
once, or a combination of the thermal movements of 
the terminals together with the pipe (metal) tem- 
perature is given, and the combination is solved as a 
piece. 

For dynamic analysis we need to understand the 
static properties in greater breakdown. The method 
chosen here commences. with the selection of ‘n’ 
points along the pipe run at which the local mass of 
the pipe can be considered concentrated. These 
points will include any actual locations of concen- 
trated mass and also the corner points B, C and D. 
And for these points we require influence coeffi- 
cients defined as deflections caused at the various 
mass points by unit forces applied singly at the va- 
rious mass points. In a space frame such as this, any 
deflection is a vector quantity, and therefore we deal 
in components. For example, we can define: 


a; Defi’n at m, in n,* dir’n due to unit force in n,* dir’n at m, 
&,; Defi’n at m, in n, dir’n due to unit force in p, dir’n at m, 
Bx; Defi’n at m, in p, dir’n due to unit force inn; dir’n at m, 
Bx; Defi’n at m, in p, dir’n due to unit force in p, dir’n at m, 


m; and m, are arbitrary mass joints. Maxwell’s recip- 
rocal law} implies here: 

Thus the major determination resolves itself into 
a series of static problems of the type shown in Fig- 
ure (2) where a unit force in the ‘p’ direction, for 
example, at the arbitrary point m,, is applied. The ‘n’ 
and ‘p’ component deflections for such a load appli- 
cation are desired for all mass points including mj. 
Any tangential deflections in leg ‘b’ are reflected in 
the n, and p, directions at the corner B. Figure (3) 
illustrates the same problem where the anchor, E, and 
the hanger, D, have been removed, but the forces 
and moments which they would-exert are shown 
under the same load application (F;—1.0) resolved 
into the convenient components Myr, Mix etc. These 


tWhile ‘D’ is an intercept of the axes of two legs and not 
actually a point on the run, the principles brought out here 
are unaltered for any location of a hanger. 

*The subscripts for ‘n’ and ‘p’ refer to the local reference 
axes of the pipe leg in which mx or m;; is situated. 

The general proof of Maxwell’s basic law can be found in 
many standard references, (21) for example. The above fol- 
lows directly for space frames. 


forces and moments (redundants) are not known, 
but if they were the problem would thence be static- 
ally determinate with six equations of statics to de- 
termine the three moment components and three 
force components at A. We could also by pure static 
considerations determine all the deflection compo- 
nents at any point, and that is what this sub-problem 
is about. The job is to determine the nine unknowns, 
Mre, Mur, Mer, Nz, Pe, Te, Rav, Riv for any F; 
load individually. 

Under the circumstances we can write expressions 
for the forces and moments acting on any small ele- 
ment of the run, ds, as shown in the enlarged cut on 
Figure (3) from statics and the geometrical features 
of the run. These expressions will contain the un- 
known redundants. We are in general only to be con- 
cerned with flexural and torsional strain energy and 
will ignore generally that due to axial forces.** The 
total strain energy will naturally be expressible: 

2-k-E-ly 2-GI, 
Run 


Run 


Vax 


**We have an exception: see page 348. 
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M,, M,;—Torsional and flexural moments at the 
arbitrary section, ds. 


where: 
k=1.0 if ds is in a straight section of pipe 
k=1.0— —arit ds is in a bend*— (Karman correction factor) 
10412 ( 
r 
R centerline radius of pipe bend 
r mean radius of pipe material 
Ix, Ip flexural and polar moments of inertia of pipe section 
E,G tensile and shear moduli 


The principal conditions of this problem are that 
there shall be no elastic displacements at E and D 
nor any elastic rotations at E. This is expressible 
using our energy relationships and the second theo- 
rem of Castigliano thus: 


=. = =” 
=O: =O. 
(3) aN, 
=0; =0; =O. 


It is clear from (2) that the strain energy can be ex- 
pressed as a function of the nine redundants; a brief 
examination shows that the above relationships (3) 
will yield nine equations linear in these same re- 
dundants and solvable for same. With this solution 
the properties that we desire are in our hands. 

The above, of course, illustrates nothing more than 
a familiar idea in the treatment of pipes and frames. 
The precise methodology may follow somewhat 
modified form depending on computation ease. 

The immediate reaction to all of this so far must be 
that since we have quite a number of these problems 
—one for each unit force application in two direc- 
tions—then our numerical prospects are quite over- 
whelming. And so it would be, were it not for the 
availability of automatic computation. Actually the 
shift of the point of force application or a directional 
shift of same only changes the constant terms result- 
ing from equation (3). From a computation point of 
view this is significant, as it suggests that the overall 


program for determination of all influence coeffi- 
cients could be given to a machine at one time; this 
is a matter of memory capacity of the machine being 
used. In shifting from one pipe run to another, much 
of the basic program can be retained providing that 
there has been some standardizing on the number of 
mass points. For example, it would be quite possible 
to arrange a general program for a single branched 
pipe run with three anchors but without hanger (s) 
which could cover a very large number of real cases. 
The subsequent inclusion of hanger effect should 
pose few problems other than the inclusion of fairly 
simple subroutines; instructions for use would be 
included when the specific data input would be 
supplied. 

In fact, because we are going to be interested in 
certain dynamic properties of this pipe run, it is 
worthwhile to point out an alternative treatment. 
The pipe run could be reduced at the start by the 
removal of the intermediate hanger at D as shown on 
Figure (4). We could now examine the behavior of 
this reduced pipe run under the application of the 
same unit forces separately including unit forces in 
Ng, Pa and ty directions at D. The figure shows the 
application of a forme, F,»=1.0, in the t, direction at 
D. This particular force application implies stretch 
in the leg, d, and we will not be grossly inconsistent 
if we ignore elastic stretch in the other legs for this 
force application.} 

Under such a load the reduced pipe run would 
deflect as shown AB’C’D‘E in the figure with parallel 
sway in both legs b and c. We will designate all in- 
fluence coefficients of the reduced run with primes 
and can define the following additional coefficients: 


es Defi’n in the n, dir’n at m, due to unit force in the tp dir’n at D 
a Defi’n in the P,, dir’n at m,, due to unit force in the tp dir’n at D 


The solution of influence coefficients would be very 
similar to that of the original problem except that, 
with the hanger removed, there are but six redund- 
ants, three moments and the three reaction forces at 
E. To include the strain energy of axial forces in leg 
d only we write for strain energy: 


_ My"ds F’,2ds 
Run Run Lee d 


Only 

where Ap_ cross sectional, metal area of the pipe. 
The application of the second theorem of Castigliano 
in this case would breed six simultaneous equations 
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in the redundants. The new influence coefficients 
would thence be solvable through statics. They would 
not be the correct coefficients for the real problem, 
but they could be used for same provided that we had 
defined and similarly solved for the special influence 


coefficients: 


*See reference (20) page 110. 


{This is brought out in anticipation of relative shock ex- 
cursions of the hanger at D which would force axial displace- 
ments in this leg which would influence the flexural and 
torsional action elsewhere. : 
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¥p; Defi’n in the tp dir’n at p due to unit force in the n; dir’n at m,. 
y,{, Defl’n in the ty dir’n at p due to unit force in the p; dir’n at m;. 
Yp; Defi’n in the t, dir’n at p due to unit force in the t; dir’n at m;. 


The reduced pipe run problem can be made equiva- 
lent to the original problem if the load, say the origi- 
nal load, F;=1.0 (in the p direction at m;), were to 
be applied to the reduced pipe run plus three ortho- 
gonal forces at D, such as to produce no displacement 
at D. (These are, of course, the original hanger re- 
actions of the original problem, but now the influence 
coefficients of the reduced run have been calculated.) 
This condition can be expressed with the new 
symbols: 


(4) 1.0 By;—Rrp Boo+Rap Bop +Repp Byp=O 
1.0 Yoot Rav Ypp=O 


These equations are simultaneous and solvable for 
the residual unknowns, R,», Rap, and R,». In fact, 
had there been more hangers, we could have applied 
them one by one in this way to the reduced pipe run 
using equations such as (4). 

This may seem like a long way around, but the 
latter could be tur.1cd into a standardized subroutine 
to maintain a gener ility to a basic computation pro- 
gram. Be this as it may, we can now evaluate the real 
influence coefficients with equations such as te fol- 
lowing: 


—/ 
which utilizes the reduced coefficients and the re- 
cently solved hanger reactions. 

Considering the title of this paper, one might feel 
that we have been belaboring static problems. But, in 
common with many dynamic problems, the static 
properties often procedurally give the greatest labor. 
If at some later stage we learn to treat partially plas- 
tic action, the above observation may lose some force. 
This paper primarily concerns linear elastic action 
where we must understand the static properties 
quite thoroughly. 


III VIBRATION AND NORMAL MODES 


Figure (5) illustrates the same pipe run at a mo- 
ment of maximum excursion when it is vibrating 
freely at one of its natural frequencies, »;. An arbi- 
trary condition has been placed on this particular 
vibration: the component of the amplitude of the F,, 
mass, mr, in the local n direction has been set equal 
to unity. This is a process of normalizing which per- 
mits comparison between various natural modes of 
vibration. Thus the illustrated deflected curve, 
AB'C'DE, is taken as the ith normal mode. 


The shape of this normal mode is defined by vectors 
in space defined,@& ,; representing the movements of 
all mass points, m,. The hanger at D causes that point 
to be a node of zero movement. It can be demonstrat- 
ed that any elastic deflection pattern of such a frame 

(pipe) can be considered to be the sum of a series of 
curves geometrically similar to its normal mode 


= 
*In this case only yop need be computed. 
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shapes. The lumping of masses discussed in. the pre- 
vious section changes our model from a real, infinite 
degree of freedom system to an approximate 2n de- 
gree-of-freedom system which requires 2n parame- 
ters to define any instantaneous position that it may 
adopt. 

With free vibration, the only forces that cause 
deflections are inertial. In our lumped mass model 
these forces occur at the mass points only. For ex- 
ample, when the kth mass is in the leg b its inertial 
force on the system is a vector, («4 m,@ i). Its mo- 
tion is defined Z,,; sin w;t,. The vector is built from 
the coordinate inertial, forces, and 
#m,x«,; in the n,, p, and t, directions respectively. 

The sum of all the axial inertial forces in leg b (in 
the t, direction) can be lumped and said to apply to 
the system at the corner point, B, since we are not 
considering axial-elastic action in the legs. This force 
can be described: 

(6) 
where M, is the mass of the whole bth leg. 

The tangential movement «,;—«,;, is shown on the 
insert of Figure (5) and can be seen to be directly 
related to the two components of movement, é,; -and 
éni, in the n, and p, directions at B respectively: 

(7) =Kpi= (Epi COS cos Og). 

Then the tangential inertial force is expressible: 

(8) cos cos Pg). 

And this force has components in the n, and P, direc- 
tions: 

(9) cos COS ®p)cos 

(10) (£5, cos cos Py) cos 
The point, B, was chosen as one of the lumped mass 
points with its own inertial forces in the n, and p, 
directions. #M,é,; and fi, respectively. 
Thus the total forces in the n, and p, directions at B 
are: 
(11) (M, cos* +M, cos’, cos 
(12) cos +M, cosPy cos Vp 


Or, by setting up a new notation, we say: 


(14) - Cui +Am 
where: 


Am;=M,, cos cos ¥,. 


In order to prepare for standardization it is con- 


venient to use this notation for the forces at all mass 
points in the local n and P directions: 


(16) 
(17) 


: 
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where in this particular problem it is understood that 
at all mass points except B: m;.=mj-’=m, and 4m,;= 
O; (j#B). 

Now all the inertial forces of the pipe run have been 
resolved to the local n and p directions, and we can 
now define the normal mode deflection components 


j=n 


at any point, m, using the previously computed 
static influence coefficients: 


j=n 
(18) 


or 


(19) 


j=n 


Rearranging we have: 


j=n 


(20) j=l 


j=n 


=o? By; +Am, By 3) + (m/.B,;+Am, 


j=l 


An operator notation can be introduced to yield the 


following expressions: 


M, 
21 KLEji» 
(21) 


Where the operators are defined: 


j=n 


M,[a, b]= ay; + Am, &;)at+ (mf, + Am; a,;)b] 
i=l 


(22) 


j=n 


N,[a, b]= By; By, +Am, 


for any values, a and b. 

Equations (21) completely describe the interrela- 
tionships of the ith normal mode deflections; but, 
more important, they provide the means for succes- 
sively approximating the actual values of the normal 
mode shapes for each frequency. 

Consider the first or fundamental mode with a 
natural circular frequency, »,. Let us arbitrarily 
assume the shape of this mode (as normalized ac- 
cording to our convention, 1.0). This means 
assuming values for all &,, and &, for all mass points, 
m,. These assumed values assuredly describe some 
sort of a curve in space, and we have said that any 
curve assumed by this pipe run can be taken as the 
sum of 2n shapes geometrically similar to the normal 
mode shapes. This is the same thing as saying that in 
any assumed set for the first normal mode, defined 
44, and Gf, for all pass points, m,, there are actual- 
ly vestigal components of all mode shapes in certain 
proportions, a’;, . . . a’2, each. They are un- 
known at the outset but will be invariant throughout 
the run. This can be expressed: a 


beatae batas Cast x, 


It can be shown* that if we perform the following 
operation on the first assumed shape: 


*See Appendix IV. 
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M,[é;%, 
24 
4) 
we will uncover new approximations, é// and &.% 
which can be defined: 


(25) which have reduced 
vestiges of the higher modes. 


These revised approximations can be replaced in the 
operation (24) which will disclose still further 
values and These opera- 
tions can successively be repeated until little change 
is discernible. The final values will define a curve in 
space little different than the true first mode shape. 
And the natural (fundamental) frequency will be 
approximately: 


(26) w; = V?/N'r, after the last, (r-1) st, iteration. 


Having completed this determination, we should 
like to proceed in a like manner to compute higher 
mode shares and frequencies. But an arbitrary as- 
sumption, as before, will contain vestiges of all 
modes including the first, and, of course, would re- 
converge upon the lowest as shown in the Appendix, 
unless the vestiges of the first mode are removed in 
the approximation. Then and then only will such 
operations converge upon the second mode shape. 
There is a general formula that can be used for the 
elimination of all modes lower than order-r in order 
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to provide a solution for the rth normal mode when 
those lower modes have been determined succes- 
sively. 
‘= aj fui) (1.0— 
i=] i=] 


(27) 


i=r-1 i=r-1 
i=1 


i=1 


j=n 


where: 

Cer First (arbitrary) assumptions for the rth nor- 
mal mode shape 

fir, Ger Assumed values for the rth normal mode 
shape with all lower mode vestiges removed 


(28) a= 


1 
n 


i=1 


All terms except a, are known. 


The above formulas are derived in Appendix IV 


j=n 


and utilize the important orthogonality property of © 
the normal modes, which for this case and in our no- 
tation is expressible: * 


(29) [m,. £5; Cjp t+ Am, ]=O for 


j=1 


(i and p, as indicated, infer any two different mode 
orders.) Repeated iterations of 44’ and using ‘the 
operations (24) will converge towards the shape of 
the rth normal mode. And the natural frequency of 


this mode will be: 


(30) w,=YV'/N*r,7 after the (s-1) st iteration 
The advantages of this method, which is merely an 


extension of a familiar treatment of structures sub- _ 


ject to uniaxial vibrations, are numerous. For one 
thing, it is rather well suited to automatic computa- 
tion. Also the precision of calculation is ‘well under 
control. Evaluation of high order determinants, as in 
the method of plotting to satisfy the frequency equa- 
tion, is omitted here. And all consideration of high 
modes of vibration, which are often of little import- 
ance, can be omitted. These determinations are vital 
to any considerations of forced and/or tuned vi>ra- 
tions of piping, as well as to the solution of shock 
problems. 


IV RESPONSE OF PIPE RUN TO NON-UNIFORM SHOCK 


In Figure 6 the pipe run is illustrated again.in this - 


case at an arbitrary time, t, during a shock motion 

produced by its supports. The support shock motion 

is defined as follows: 

(a) Anchors A and E have identical, parallel mo- 
tion in the ‘Z’ direction defined: Zz, (t) 

(b) The hanger D has a motion in space defined: 
Xp (t), Yn (t) 


Zp (t). 
The configuration A’B’C’D’E’, represents a pure 


translation in the ‘Z’ direction of magnitude, |Z,|. The 
displacement components, np, Pp, tp, of D, define the 
hanger’s relative excursion from its translated posi- 
tion at this time. Elastic deflections are referred to 
the translated position using the local reference axes 


and are defined, n,, p, and t, with respect to the lo- 
cal n, p and t directions respectively. The absolute 
deflections of any point, m, are defined yx, x, and 8, 
with respect to these local axes as measured from its 
initial position. 

The elastic deflection of the run at the time, t, can 

de divided as follows: 

(a) That due solely to the relative excursions of 
D, np, po, tp. It is a ‘static equilibrium posi- 
tion,’ represented by the elastic components 
Nxs, Pxs and tys for any point my. 

(b) That due to the absolute accelerations of all 
mass points represented by thé components » 
No, Pxe ANd tye for the point, m,. This is the 
‘dynamic component.’ 

The resultant position is represented A’B”C”D”E’” 

in the figure. 


Static Equilibrium Position 

The relative deflections corresponding to the static 
equilibrium can be established in terms of the rela- 
tive excursion of D if we use the influence coeffi- 
cients of the reduced run for unit force components 
at D, first by determination of reactions, Rup, Ryp, 
and R.» corresponding only to the static equilibrium: 


Po=Rap Boo + Rep Boo—Riv° Bop 
Yoo—Rip* 

The equations, (31), are simultaneous and solvable 
for the reactions in the form: 


: np+A4 Pi +A * ty 


(31) 


to 
*The particular derivation of the orthogonality relationship 
for this type of structure also appears in the Appendix V. 
+Superscripts refer to the number of interations. 
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Now for an arbitrary point, m,, the static-elastic de- 
flection in the local n and p directions can be defined, 
again using influence coefficients of the reduced run: 


Pxs=Ryp : Res * Riv Bo» 


and, owing to the linear relationships (32), these de- 
flections will also be linear combinations of no, pp 


and tp thus: 


Npt+ * Po+Asx * to 

Pxs=By, no+ B., * * to 

where: Aj,=A, ayn +B, a&p—C, etc. 

The axial deflection can be associated with the corner 
movement at B. These elastic deflections correspond 
to the absolute displacements: 


(34) 


(35) cos cos ‘pot * tp 
xus= Za COS cos 6+ By, no+Bo, * By, * ty 


Since the support displacements and shock spectra 
will be given with respect to the X, Y and Z axes, it 
is well to convert the expressions (35), noting that 
the relative excursions of D are*: 

Np= (Zp—Z,) cos dnzt+Xp Cos dpxt+Yp cos 
(36) (Zo—Z,) cos Onz+Xp cos Onx+Ypcos Opy 
tp= (Zp—Z,) cos pz+Xp cos Tpxt+Yp Cos Tpy. 


The results of substituting these equations (36) in 
(35) will be: 


: Dy Yp+D3x Zp Za, 
where: 


COS Ppyt+ Ax COS Ipy COS 
COS dpz+ An, COS Anz COS Tpz 
C,,=cos 

Cos $px+B., cos 9px Cos tpx 
D.,=B,, cos dpy + By, cos Ipy +B, cos 
COS cos Anz +B, COs Tpz 
D,,=cos 9—D,,. 


(38) 


(41) cos” V,+mg) Yat (M, cos cos¥,) xz] 


Dynamic Components 

As we have noted, these dynamic component de- 
flections are due solely to the absolute inertial forces 
of all the mass points. The forces at the point m, in 
leg b will be —m, },, —m, }, and —m,, 3, in the n,, p, 
and t, directions respectively. 

Consider the tangential force —m, 3; which can 
exist for points m, in leg b (since we are assuming 
that actual axial forces in legs c and d will not cause 
appreciable flexural or torsional action). Then for 
the whole of leg b the total tangential force will be 
~-M,é,. But, the absolute tangential acceleration of 
leg b actually is related to the acceleration compo- 
nents Y, and Y» of the point B in the n, and p, direc- 
tions. We have: 

(39) 8 cos Xp cos 
Then the inertial foree —M,,.4, will have compo- 
nents: 


—M,, (7p cos Xp COS cos 
(40) 

—M,, (7p cos ¥g+ Xp Cos cos 
Then if we add the effect of the lumped mass at B 
we have for the total inertial force at B: 


in the n, direction 


[(M, cos? (M, cos? in the p, direction. 


Or, using our abbreviated notation (15) of the pre- 
vious section, the forces in the n, and p, directions 
respectively are: 

— (mg. + * xp) 
ame 
And again to maintain generality we use this nota- 
tion for all mass points; we say that the absolute 
inertial forces for any point m; are: 


F,,=—(m,, ¥;+4m, x;) in the local n direction 


j=n 


where it is understood in this case that for all points 
except B: 
and Am,;=O. 

Now the dynamic components of deflection. for a 

point, m, will be: 
j=n 
Ne = p> +F;, * a5) 
(44) 
Pre= (Fin t+ Pip Bus), 


or using (43): 


Nye =— + Am a5) + Am, Xj] 


(45) 


i=l 


*See Figure 6 for angles at D. 
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We have noted in the previous section that this can 
be abbreviated using the operator notation (22), and 
therefore: 


Nke= —M,Ly;, 
P,..= 
This dynamic component, of course, can also be 


expressed as a sum of curves geometrically similar 
to those of the normal modes: 


(46) 


i=2n 


i=2n 

The term, q;(t), is a generalized coordinate, a func- 
tion of time only, and it can be taken as the contribu- 
tion of the ith normal mode shape to this part of the 
elastic deflection. The normal mode terms, é; and 
fi, Which have already been determined, are func- 


(47) 


tions of position only. It therefore follows that: 
where 
Nye = — My 
(52) 
and 

(53) 


Considering the first part, nf. and pf., from (37) 
we can note: 
(54) Yo+Cs; Cas 


Then: 


or 


= 
mye Xp +Mx ‘ Zp “Za 
YotNax* Zo+Nax* Za- 


Where M,,, Ms,, and M,, are the numerical re- 
sults of the operations,—M,,[C,;,D,; ], —M,[C.,;,D.,;], 
etc. and N,,, Nox, N3,;, and N,, are the results of the 
operations— Nx [C,;, D,; —N,, [C.,, D.;], etc. 


Now actually each pair of these coefficients define 
curves* in space which again can be taken as the sum 
of normal mode components in the form: 


(56) 


s=D,,Xp+D.; Yp+Ds; Zp+D,; 


ne=—{Xp M,[C,;, D,,]+Yp M, D.;]+,Zp My [C;;, *M,[C,;, D,;]} 


i=2n 


(48) 


i=2n 


> 4 fui 
i=l 
Now the absolute accelerations, y; and x;, can be 
broken down: 


Vi=VistNje 


49 
j=Xist Pie 


And this means that equations (46) can be written 


thus 
Pxe=— { N, xisI+N, pje] } 


or let us say: 


(51) Nye=n, 
~4 
The part of the dynamic com- 
ponent attributable to motions 
Vis» Xis- 
The part of the dynamic com- 
\ ponent attributable to motions 


e 
Pje- 


i=2n i=2n 
L . i=l 
(57) i=wn i=2n 
Bi Ski N,,= hi 
i=l i=l 


The terms and h, will ke called character- 
istic response parameters and can be discretely 
evaluated.} For example: 


(58) e=— 


j=n 
< This evaluation is dependent upon the orthogonal 
properties of the normal modes structure, f;, g; and 
hy, being expressible similarly to c; with the pairs, 
N.;), -(M;;, N;;) and (M,;, N,;), respective- 
ly replacing the pair (M,;, N,;) in (58). 


*If we regard the coefficients Xp, Yp etc. as numerical, non- 
dimensional quantities, then Mu, Nix etc. correspond to a part 
of the response of the point, mix with unit acceleration of D, 
(or A). 
+See Appendix VI for derivation. 
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The dynamically induced deflections attributable 
to the accelerations };s, xjs are: 

Dye= (e; Xp+f, Yo+gi Zp+h, LAYS 

( 59) i=l 


= a 
Pxe= dle Yo+gi Zo+h; Za) Lai, 
. i=l 

or 
i=2n 

= 
(60) 


i=2n 


i=l 
(61) where (t) =e; f, Yo +8: h, 


Now the other part of the dynamically induced 
deflection is from (53) and (48): 


=2n i=2n 


ne=— ML (0), ( 
i=] 


i=1 


i=2n i=2n 
Sai (81), ( 


i=] i=1 


or 
i=2n 
(62) 


i=2n 


i=l 
But now if we recall our discussion of normal mode 
evaluation we have from (21) 
M,[é;i, J=&i/o;? 
6 
and therefore: 


i=2n 

(64) 
Pre=— yal): oi? 


We are now ready to express the complete dynamic 
component of deflection using (60) and (64): 


i=2n 
Mye= nf, (t)—Gi (t)/ 
(65) 
Pxe= Phot [Q; (t) (t) / 
i=l 


Or using the generalized coordinates for the terms 
Nye aNd Pye We have: 
i=2n i=2n 


i= i=l 


i=2n 


S1Q, (t) —qi (t)/ A) &i 
in i=! 


The entire equations can be put under single summa- 
tion signs: 


[4s (t) +67 qi (t) Q, (t)] /oF=O 
(66) isl 


i=2n 


(t) - qi (t) — Qi (t)] 
=1 


Which in turn could be written: 


i=2n 


&i=O0 
(87) 
=O 


i=1 

(68) where: C,=G, (t)+o%y, (t)] 

The equations (67) could be written for every 
point, m,, (ie. with two equations for each of the n 
points), and they would constitute a set of 2n simul- 
taneous, homogeneous equations with 2n unknowns, 
C;. Being homogeneous, they would have non-zero 
solutions for C; only if the determinant, V, were to, 
vanish. 


Where: €or £2) on 

(69) V= fin bi by 


But this is not the case, and therefore the solutions 
for C; are zero. Noting our definition (68) of Ci, we 
are saying that a series of independent equations can 
be written regarding each modal part of the dynamic 
component of response: 


(70) q(t) qi (t)=FQ, (t). 

As with many transient problems we find that 
these resulting differential equations are very simi- 
lar to that of a simple harmonic oscillator of one de- 
gree of freedom of the form: 

(71) (t) =F (t)/m, 

where wo, = \ “/m is the natural frequency of the 
oscillator. The term, w;?Qj(t), corresponds to 
F‘ /m in (71). When such a simple oscillator is ex- 
posed to a transient motion, say, trom the foundation 
of its spring which exerts a force, F(t), its response 
is the sum of those for a series of step functions* with 
the net result that at the time, t, its displacement, 
q(t), is expressible: 


q(t)= (F@)sin o,(t—7) dr= :sin (t—7r)dz 


where 7+ is an intermediate time between the incep- 
tion of the force and t. 

For the pipe run, noting the above analogy, we can 
conclude that our equation (70) has the solution: 


1 ct 
(72)q.(t) = (+)sin w;(t—r)dr 


=o; (a, (r)sin Oj (t—7) dr, if Q; (t) is a transient. 
And recalling the definition (61) of Q(t) we can 
write: 
*This discussion is well amplified by Blake and Swick (2). 
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(73) 


qi (t) =e; To, | Xo(r)sin de] ¥o(7)sin w, (tr) dr] 


+i [w, [Zo()sin w;(t—7) dr] +h,[o, [Zs (r)sin w;(t—r)dr] 


This equation, in‘essence, brings us to the bound- 
ary of our problem. For the coefficients of ej, fi, 
gi, and h; have to do with the time histories of the 
supports. We must, therefore, talk of the input data 
to the shock problem. Ideally as conditions of the 
problem we should like to have these coefficients 
presented to us at the outset as functions of time.* 
Then we would have values of q;(t) for all i and for 
all t after the inception of shock. If, in addition, we 
had presented as data the support displacements} as 
functions of time, we could completely predict the 
history of the piping system itself as a function of time 
and observe for maxima. When this is not available, 
our ‘second best’ is to have available shock spectra 
which for each frequency define maximum values of 


the coefficients in (73) and which we shall define: 


(Ny;)r=[o, ¥o(>)sin (t—7) Jax 
(74) 


(Nz; )o= [w; (7)sin (t—r) 


The numerical values of these quantities for a broad 
range of frequencies and for representative struc- 
ture are often plotted to provide indices of the in- 


tensity of shock. For example, a reed gage, a series of single-degree-of-freedom 
systems of varying frequencies, when subjected to shock motion of representa- 
tive structure will provide the means for constructing such a plot. And the plot 
itself is termed the shock spectrum of the resultant motion of the structure to 
which the gage is attached and in the direction of its stimulation. If this data 
can be soundly predicted, then we could say of our system that a limiting re- 
sponse corresponding to the ith component would be: 


(75) [qi (t)] max=e; (Nxi)ot+fi (Nyi)n+gi 


Actually the system as a whole tends to respond to 
transient motion in all its natural modes. We can 


=2n 


envelope the maximum possible response as the sum 
of the maxima of all the component natural frequen- 
cies thus: 


(76) i=l 


i=2n 


+f; (Nyi)po+gi (Nzi)o +h; (Nz;) 4] 
isl 


This limiting solution would actually be computed 
only for a few of the lower modes of vibration. 

To this limiting solution for the ‘dynamic compo- 
nent’ we can add a limiting solution for the static 
equilibrium for the maximum relative travel to be 
expected of the hanger at D with respect to the other 
two supports as indicated by equation (33), and: 


[xe] max 
(77) 


*Here is when analog computers can give results if time 
history of supports can be predicted. 
+This is in order to ascertain the static-elastic contribution. 
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Forces and moments and hence stresses are, of 
course, dependent upon the inertial loads corre- 
sponding to the estimated, (or limiting) deflection 
of the pipe run. Relative forces are expressible: 


i=2n i=2n 


F¥,=—m, >a: & Fip=—m fii 


in the local p and n directions at m; respectively. 
And from (70) we note that: 


(t) =4; (t)] 


Xp+f; : Zp +h, 


The inertial force components will be: 


- 
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i=2n 


F/,=—m; > of Xp(t) +4; 
i=l 


(78) 


i=2n 


Here again we face the problem of data. To solve 
directly we would need to know the instantaneous 
accelerations of all the supports at the time t—in 
short, the time history of the supports’ accelerations. 
If this latter data is unavailable, then we are forced 
to a longer approach. The dynamic component deflec- 
tions have limiting values from (76), which in all 
practical cases can be cut off at a few modes. Then 
the force systems, F;, and Fjp, are related to ny. and 
Pxe, aS computed, by the relationship: 


i=2n 
(79) 


i=2n 


Buy tFjp Pus]=Pre- 
ji=n 


These equations can be written for each of the n 
points, and constitute a linear set simultaneous and 
solvable for all values, 

With F;,, and F;, known, the data from the influ- 
ence coefficient work can be used. These data would 
consist of end moments and forces in the pipe run and 
(if desired) field moments and forces, corresponding 
in each case to unit loads in the n and p directions at 
each of the n points. The aggregate moment or force 
at any point corresponding to the pattern, Nye, Pie, 
can be obtained by factoring the individual values 
for the unit force application by the appropriate value 
of F;, or Fjp. 

To these forces and moments must be added the 
effects of the static equilibrium position. Here we can 
use similar data corresponding to unit force applica- 
tions at D for the reduced run (hanger removed). 
This means we must use the best estimate we can 
make of the maximum relative movement of D if we 
lack time histories of the supports’ displacements. 
First, under these circumstances we would derive the 
instantaneous values of the static reaction compo- 
nents at D using equations (32); then with numerical 
evaluation of this reaction at D in hand, we can simi- 
larly evaluate the static parts of the bending and 
flexural moments in the pipe run (together with 
forces) by a factoring and superposition of the values 
they would have with unit forces in the three direc- 
tions ng, pa and t, at D. 


The sums of the static and dynamic components 
provide enveloping values of internal and end mo- 
ments and forces. We have, in short, estimates of the 
limiting values. 


This is about the best that we can do when our 
data consists of support shock spectra and estimated 
maximum support deflections. As we have shown, the 
inclusion of the time history of support motion as 
data would permit more direct solutions. If this were 
so, we could carry out the integrations of equation 
(73) for q;(t) for a nominal number of modes. (This 


as 
Yp(t) + gi Zp(t) +h, Z,(t) —q;(t)] 


Relative 
Forces 
Y¥p(t) +g; Zp (t) +h, Za (t) —q, (t)]. 


would involve approximate numerical or graphical 
integration, or possibly, analog computer.) And 
equation (78) shows a part.solytiop for the forces 
at the mass points when Xp, Yp, Ze, ZA and q;(t) are 
known, for any specific time. In brief, we could then 
construct a predicted time history of the pipe run, 
where obviously the effects of the instantaneous 
static equilibrium could be readily factored in by the 
methods discussed above. But in this case we would 
use the known support deflections as functions of 
time. 
V OBSERVATIONS 

Discussion of Algebraic Development 

It is an unfortunate fact that the algebra connected 
with stress problems of piping has a rather cluttered 
appearance which, sadly enough, continues in this 
study of dynamic action. Its effect is to mask essen- 
tially simple principles. The terminal equation (70), 
which expresses matters in generalized coordinates, 
is a very familiar form, and it should be noted that 
it is equally valid for undamped, steady state vibra- 
tion when the stimulus came from the motion of the 
system’s supports. That the terminal equation of mo- 
tion of a highly distributed mass system should take 
on this simplicity, should be no surprise, for it is a 
common matter in other complicated geometries. The 
motion of plates, shells, aircraft wings, turbine 
buckets, and the like can be described similarly. And, 
of course, the ability to separate the motion compo- 
nents into simple equations involving each modal 
property is implicit in the classical equations of La- 
grange which hold for any elastic structures. The 
analogy to single degree of freedom systems can be 
extended into cases of viscous damping, which is im- 
portant to steady state vibration. The success of the 
latter will depend on our subsequent ability to esti- 
mate suitable damping constants for piping systems. 

All of this tends to show that we are up against 
nothing particularly new.. The required static prop- 
erties demand a multiple combination of processes 
already familiar in thermal stress calculations. And 
the iterative processes for natural frequencies and 
normal modes have already been routinized for com- 
puter solutions. With these two classes of properties 
in hand we have recourse to classical principles. 

Our biggest concerns at this juncture should have 
to do with generality, with computation procedure, 
and with probability of occurance of shock stress 
levels. The possibilities of analysis for partially plas- 
tic action are important but can only be touched 
upon in this paper. 
Generality 

The analysis of piping is strongly mixed up with 
the economics of so doing. Computation program- 
ming of the type we can forecast here can scarcely 
be justified unless it will be meaningful for quite a 
variety of piping systems. 
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The actual run chosen for example here is rather 
simple. The existence of an intermediate hanger and 
the possibilities of sway parallel to an axis, however, 
make it reasonably general. It seems probable that a 
computation program could be set up for three or 
more anchors which would still be applicable to cases 
such as the illustrations. It seems probable, too, that a 
program would be set up to handle first the proper- 
ties of runs without hangers (i.e. reduced pipe runs). 
Under these circumstances the inclusion of one or 
more hangers would be handled by ancillary but 
general subroutines whose principal functions would 
be to solve simultaneous equations such as (4) in this 
text and the algebraic type represented by (5), which 
corrects the influence coefficients of the reduced run. 
Both pipe hangers and anchors may have some in- 
ternal elasticity for which a general program cculd 
ke prepared. Under these circumstances the equa- 
tions (3) would have the form: 

oV 
—Ryp/ kp 
which particular equation would imply a hanger 
spring constant in the n direction of magnitude ko. 
This does not appear to be a major complication; it 
is obvious that the equivalent algebraic equation 
would remain linear in all the redundants. 

In the illustrative problem bend flexibility would 
be included in computation of influence coefficients, 
but in this example case we have ignored the relative 
axial displacements between the mass points in leg b 
and the figurative intercept, B. This is probably rea- 
sonable for a large numker of cases. But for long 
radius bends and compound bends it would not be 
fair, and, in effect this turns the problem into a 2n- 
plus-one degree-of-freedom case. Thus, the effects of 
a unit force coaxial with leg b would have to be sta- 
tically treated. In short, it adds to the number of 
influence coefficients to be determined. And the ex- 
pressions (28) for a’ (lower mode removal) and for 
(58) (the characteristic response parameters) would 
be modified by reasoning identical to that already 
shown here. This situation would be repeated for an 
exceedingly long radius bend where it would only be 
realistic to situate a lumped mass point within the 
bend itself. Such a point would require three influ- 
ence coefficients with respect to all other mass points. 
In these cases the equivalent mass terms (15) would 
contract. 

The shock problem that has been presented here 
has some qualitative realism in that the anchors are 
normally rather heavy items of equipment such as 
heat exchangers, pumps or the like which are usually 
built rather carefully into major structural units of 
the vessel. Hangers, on the other hand, can often-be 
tied into lighter, more flexible structural elements. 
As such, one would expect the hanger to have quite a 
different shock motion than that of the anchors. The 
specific equations describing static equilibrium and 
the equations for the coefficients, such as (38) would 
require some generalizing and fitting to suit the 
needs of other problems, but again one would expect 
the same general forms to prevail. 
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Computation Procedure 


The remarks on generality bear directly on the 
feasibility of automatic computation without which 
we can expect little utility. Fortunately, any specific 
influence coefficient calculation is strongly similar to 
a typical thermal stress problem for which there is 
a considerable computation history. The existence of 
a concentrated load in the elastic problem has not 
been unforeseen, as indicated by the Kellogg pres- 
entation (1). The major development here, will be 
the set-up of a generalized program that can rapidly 
shift from one unit force application to another. It 
would be preferable to have the shifts automatically 
handled by prior instructions to the machine. From 
the exverience at Electric Boat Division with the 
IBM 650 type machine, as applied to thermal stress 
calculations, the writer is inclined to believe that 
programs of successive load applications can be 
handled more or less automatically by a machine of 
this character. The paper has indicated that the 
handling of complications such as intermediate hang- 
ers can best be accomplished by maintaining a rather 
broad main routine which algebraically will be al- 
most universal for all pipe lines. To these individual, 
standardized subroutines can be linked in the indi- 
vidual programming phases. 

The problem of iteration for normal mode values 
is algebraically almost identical to that of the uni- 
axial problem. And the latter has a considerable com- 
putation history. This is a rather ideal technique for 
the digital class of computers and should pose few 
problems. 


The other algebra pertaining to forced motions is 
rather routine and well within the capacities of in- 
termediate type computers with little in the way of 
programming difficulty. 


Probability in Shock Analysis 


Probability considerations are important in almost 
all engineering work. It is clear that this is somewhat 
magnified in the case of shock. It commences with 
what can reasonably be expected in the way of stim- 
ulus. The predictability of the time history, say, of 
the supports for a pipe line requires considerable 
speculation. We have noted that the probability of 
compounding maximum amplitudes at various reso- 
nant frequencies is of considerable importance in 
this problem. And for this one would have to place 
much of his attention to quasi-statistical analysis of 
experimental data. In shock work we can be exces- 
sively conservative, and probability studies should be 
well worthwhile. 


Partially Plastic Action Shock 

Piping systems possess good properties in general 
for elastic energy storage, so important to good shock 
performance. Localized and slight yielding can in- 
crease this capacity considerably. This makes yield- 
ing a subject worth continued investigation. It is be- 
yond the scope of this paper to go into this matter 
in any detail; a few notes on possible approaches may 
not be out of place. 
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' (i) Plastic Hinge Concept 


This notion has had a rather successful history 
in beam and frame analyses where bending occurs 
throughout in a single plane. And there is some 
experimental evidence to support it. The tacit as- 
sumption is that for any cross section the vlot of 
bending moment versus rotation can be taken as 
the construct of a sloping straight line (the elastic 
portion) and a horizontal line (the plastic portion). 
With this it would follow that when yielding in 
bending commenced, there could be no further 
bending resistance at this section and that for all 
further loading of the system the section would in 
effect constitute a mechanical hinge for uncon- 
strained rotation. The above plot is somewhat less 
realistic for piping than for normal beams and 
frames due to greater distribution of material out 
from the neutral axis. Also in almost all pipe sys- 
tems the bending is not co-planar, and the bending 
moment at any section is really a vector quantity. 
In theory this vector could rotate with time after 
yielding, but for a short interval we might postulate 
a universal joint action for further load applica- 
tions. The model we could make then would be of a 
reduced elastic system (with ‘hinge’) which is also 
susceptible to elastic analyses with new normal 
mode patterns etc. In these and other approaches 
a good model of the time history of the exciting 
forces or motions is needed. 


(ii) Integration with Respect to Time 


Newmark (16) has studied the motions of mul- 
ti-storied rigid frames and the like from a some- 
what different point of view. In effect, he predicts 
the time history of his structure step by step in 
time, each time utilizing the terminal values of 
displacement, velocity, etc. of the last step in esti- 
mating median values of acceleration for the next 
interval of time. In theory the process is equally 
applicable to elastic and plastic performance with 
stress-strain curves in hand. A certain amount of 
trial-and-error work is involved even in the choice 
of each succeeding time interval which is a critical 
element in the technique. The need for human 
kinds of judgment actions throughout the process 
is an obvious handicap to any application where 
machine computation is needed. 

Nevertheless, some sort of stepwise construction 
of predicted time history is an attractive concept 
in cases where plastic action must be forecast. The 
paragraph (i) above suggests that elastic analyses 
of the original structure of the type shown herein 
could predict the time at which the modified elastic 
structure with ‘hinge’ would come into being. For 
the next interval of time the modified structure 
could be analyzed similarly with its new proper- 
ties, and so forth. One criterion for complete col- 
lapse would be a subsequent structural modifica- 
tion to a structure which is unstable as a linkage. 


The actual feasibility of this type of approach, 
of course, requires sharp scrutiny. 


(iii) Kinematical Linkage Study 

It is clear that there could be cases where the 
plastic deformations of a pipe line could so domi- 
nate that the elastic action would be insignificant. 
The problem could then take on a completely dif- 
ferent form. Under these circumstances the pipe 
run might be analyzed as an array of rigid links 
joined by hinge-like connections caused by the 
plastic action. The examination would follow the 
lines of that for any mechanical linkage system 
with the notable exception that hinges would form 
and even move around with time. References (7) 
and (17) are illustrative of this approach as ap- 
plied to more simple geometries. 


Use of Analogies 

The use of electrical analog computers has often 
been recommended for shock studies. There is much 
attraction to the notion especially as it has to do with 
time history predictions with various types of tran- 
sient stimuli. It is also good for examining systematic 
design variations. Mr. R. E. Blake has noted to the 
writer in private correspondence that a ‘pure’ array 
of n elastically connected masses in space is analo- 
gous to a ‘3n’ degree of freedom system* in uniaxial 
motion which can be electrically simulated once the 
influence coefficients have been established. The im- 
position of geometrical constraints, such as axial ri- 
gidity, and the need for proper directionality for the 
exciting stimuli pose some problems here. Also the 
evaluation of integrals, such as those of equations 
(73), as functions of time can be accomplished by 
observation of transients applied to suitable circuits. 
Analog computation is best suited to elastic study. 


Use of Models 

For a thorough knowledge of elastic and dynamic 
properties the use of small scale models of piping 
systems may not be an economy as a routine practice, 
owing to scaling problems, end conditions etc. It is 
possible that the determination of influence coeffi- 
cients with static models might actually be an econo- 
my of itself. But as research vehicles models do offer 
promise. In association with shock test equinment, 
for example. the study of probabilities by model is 
attractive. The confirmation of modal patterns by 
model is certainly worthwhile. 


Combined Effect of Equipment and Piping 

There are certainly cases where the elastic per- 
formance of piping under dynamic loading can itself 
influence the motion of the equipment to which it is 
attached. In such cases the entire complex requires 
analysis. The attaching equipments are usually rigid 
bodies in the elastic sense with only a few degrees 
of freedom of themselves. The motions of same are 
unfortunately usually coupled. A study of this gen- 
eral class of problem following similar lines to the 
foregoing may be worthwhile. 


Failure Criteria 


The ability to contain its fluid is the major demand 
that is asked of a piping system. Stress analysis of 


*If the masses lack significant rotational inertia. 
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the kind discussed here provides indices of this 
ability and measures of comparison between systems. 
The subject of failure itself falls to a different cate- 
gory which is less analytic and is cumbersome, and 
frustrating because of the strong influence of detail 
design practice. Its importance, nevertheless, sug- 
gests the definite need for investigatory work. 
VI CONCLUSION 

This paper has repeatedly stated that piping system 
analysis, with all its geometric-algebraic clutter is in 
general little different from other structural analy- 
sis. Where analytical techniques have generally be- 
come well established, we should expect the inclu- 
sion of piping systems to be rather susceptible to 
similar practice, thanks to automatic computation. 
Where the problems in general are only partly under- 
stood, as in numerous subjects brought up in the last 
section, they are correspondingly difficult as applied 
to piping. There is this distinction to be drawn, In the 
field where analysis and/or test has become fairly 
routine there has grown up a body of talent with a 
strong sense of judgment and intuitive ‘feel’ for good 
practice. This is true of the linear-dynamic action of 
many structural classes; it is correspondingly true 
of thermal stresses of piping systems even where 
rather complex geometries are involved. It does not 
exist for the dynamic performance of piping systems. 
From this comes the designer’s sense of proportion 
and fitness of the steps that he deems necessary. It 
is in pursuance of this quality, in particular, that 
further investigation of piping under dynamic load- 
ing is urged. 
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APPENDIX II SUMMARY OF OVERALL PROCEDURES 


1. Static Properties 

(a) Geometric and Elastic Data Collection for Com- 
puter Routine. (Includes pertinent direction co- 
sines at bends, designation of local reference axes 
and orientation with respect to principal axes of 
system, shape factors, etc.) 

(b) Selection of suitable lumped mass points. 

(c) Coefficients of redundants in expressions for mo- 
ments and forces throughout reduced run. 

(d) Moments and forces attributable to unit load ap- 
plication in each of two directions as applied sep- 
arately at n mass points, (including ‘sway corner’ 
and hanger load applications.) 

(e) Computation and tabulation of matrix of redun- 
dants’ coefficients (integrations of partial deriva- 
tives) and constants—reduced pipe run. 

(f) Computations of deflection components of re- 
duced run under unit load application in two di- 
rections and under unit redundant loads and mo- 
ments at each mass point using data of (e). (Each 
load to be considered separately.) 

(g) Determination of redundants of reduced pipe run 
from (e), (for each unit force application.) 

(h) Determination of hanger reaction for each unit 
force application on true pipe run. (Equations of 
form (4)). 

(i) Determination of field moments and forces for 
each unit force application using formulations of 
(c), (d) and redundant data of (g) and (h). 

(j) Computation of deflection components (influence 
coefficients) of true pipe run using data of (f) 
and (h). 


| 
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2. Natural Frequencies and Normal Modes 


(a) Compute lumped mass values and total mass of 
leg (s) subject to axial sway, (including equiva- 
lent masses of sway corner (s) using (15)). 

(b) Assume values for ‘n’ and ‘p’ components for first 
normal mode of free vibration, setting ‘n’ com- 
ponent at some m, equal to unity. (é/,, 

(c) Perform operations: [see (22) } 


=M, [é/,, 0/1] 
Pri —N, 


for all points m, using assumed values §;;, £;;- 

(d) Compute second approximations for first normal 

mode components: 

(e) Successive repetitions of operations (c) and (d) 
until convergence on true first mode values ap- 
pears satisfactory. 

(f) Computation of first normal frequency: 

o=V 1/N py. 

(g) Assumptions for successively higher modes using 
equations (27) and (28) to eliminate lower mode 
vestiges in assumptions. Otherwise operations are 
same as for first mode. 


. Response of Pipe Run To Non-Uniform Shock 


(Problem of text involves uniform ‘Z’ direction mo- 
tion of anchors A and E and oblique motion of hanger 
D.) (Summary below implies data given in the form 
of shock spectra in Z directions for A and E and in the 
X, Y and Z directions at D. Also maximum travel of 
points A, D, and E are given.) 

(a) Computation of maximum relative excursion of 
hanger. 

(b) Computation of reactions at D corresponding stat- 
ically to the relative excursions of the hanger. 
(i.e. computation of coefficients of nv, pr, and 
tp, using (32). 

(c) Computation of equilibrium condition deflection 
components (i.e. coefficients of np, pp,and tp, 


B;,) in equations (34) for all m,. 
(d) Computation of coefficients, C,,...., 
using (38) for all points m,. 
(e) Computation of M,,, M.,........ N,, of (56) for 


all points m,. 

(f) Computation of characteristic response para- 
meters, e;, f;, gj, and h; using (58) for selected 
number of lower frequencies, say, first three or 
four lowest modes. 


(g) Estimate of limiting value of dynamic increment 
deflections using equations (76), with computed 
values of normal mode components, characteris- 
tic response parameters, and all shock spectrum 
values. 


(h) Computations of limiting static deflection com- 
ponents using coefficients determined from (c) 
and equations (34). 

(i) Computation of limiting values of total elastic de- 
flection adding values of (g) and (h). 

(j) Setup and solution of simultaneous set (79) for 
limiting inertial forces. 

(k) Computation of limiting moments, forces and 
stresses using data from (h) and (j) and unit 
moments and forces from influence coefficient 
calculations. 


APPENDIX III SYMBOLS 


Cross sectional area of pipe material 
Coefficients of np, Pp and tp in expres- 
sion (32) for Ryp. 


Ay, An, As Coefficients of np, pp and tp in expres- 
sion (34) for n,s. 
a An arbitrary quantity . 
aki Normal mode displacement vector for 
the kth mass point at the ith natural fre- 
quency of the system. 
aj The actual contribution of the ith nor- 
mal mode shape in an assumed shape 
for any mode, r. 
j=n 


M 


- 
il 


M 


Coefficients of nv, pp and t, in expres- 
sion (32) for R,». 
By Buy, Buy Coefficients of nv, p; and t, in expres- 
sion (34) for p,.. 
b An arbitrary quantity 
C,’, C,’, C,’ Coefficients of nr, pp and t,, in expres- 
sion (32) for Rip. 
Cn Coefficient* of _ in expression (37) for 
Vks 
Ca Coefficient of Y, in expression (37) for 
Coefficient of in expression (37) for 
Ca Coefficient of Z, in expression (37) for 
YVks 
D,. Coefficient of Xp in expression (37) for 
Xks 
D. Coefficient of Y, in expression (37) for 
Xks 
D.,,, Coefficient of Z, in expression (37) for 
Xks 
Dy. Coefficient of Z, in expression (37) for 
Xks 
E Young’s Modulus 
ej Characteristic Response parameter 
k=n 
Max (m0 fit Amy Li) +Nax Amy, &i) 
k=1 
k=n 
k=1 
f; Characteristic Response parameter (re- 
place M,, and N,, in expression for C; 
with M,,, and N,,. 
F; A force (usually of magnitude-unity) 
at the jth mass 
Fyn» F jp Inertial forces in the n and p directions 


at the jth mass 


*See equations (38) for evaluation of Cu—Dx. 
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G Shear modulus k=1.0 
gi Characteristic response parameter (re- 9 

place M,, and N,, in expression for e; =10+12(tR/r-)- 

by M,, and N 

h; Characteristic response parameter (re- M 

place M,, and N,, in expression for e;_ 

by M,, and N,, My 
I,, Ip Flexural and polar moments of inertia 

of pipe cross section My 
i Any mode of free vibration of the sys- 

tem ] 

= 
M,[a,b] = 

—M, [Cx, Dx J; 


M.,=—M,[C, D 


2kds 


M;,=—M, Dx 
My=—M, Dy] 


m,, Mj; 


m,.=m, fork+~B 
=M, cos? for kB; 


Mass of arbitrary kth or jth mass 
Am,,=O for 


m,.=m, for 
M, cos? ¥,+m,, for k=B; 


my Selected point for normalizing all nat- (Nzi) 
ural modes of vibration by setting 
N,[ 
j=n o 
N, [Cus Du) N,[a,b] = (mj, By) + Am, By; )a 
> i= , 
_N, [C.,, + + 
Nx. =—N, Dax); Pp 
Ny=—N, [Ca Dad 
Nui Result of (r-1) st iteration of assumed Q, (t) 
values of ith normal mode components i 
with respect to components in n direc- q, (t) 
tion 
ny, Total elastic deflection in n direction 
Ns Total elastic deflection in n direction R 
corresponding to static equilibrium e 
n,.=nf,+n// Elastic deflection in n direction due I 
solely to inertial forces Rap» Rpp, Rye 
Nye Part of n,. due to accelerations, y;s, Xjs 
Part of n,, due to accelerations, fixe, Pye 
Np Displacement of D w/r totranslated po- Rup, Rip 


sition in n, direction. 
Local reference axis 


Number of mass points by which the 
system is replaced in approximation 
Result of (r-l)st iteration of assumed 
values of ith normal mode components 
with respect to components in the 
direction. 
Reaction force at E in p direction for 
any unit load bec 

Total elastic deflection in p direction 
Total elastic deflection in p direction 
corresponding to static equilibrium 
Elastic deflection in p direction due 
solely to inertial forces 

Part of due to accelerations, 
Part of p,. due to accelerations, 


*If primes are used, they indicate properties for reduced 
pipe run without hanger. 
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+ (mf, +Am, a,;)b] 


Ne 


(Nx), (Nyi)p, 


(Nzido 


=M,, cos ®, :cos ¥, for k=B. 
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For straight pipe) (Correction factor in 
static flextural strain 


energy calculations 


Moments at anchor E* 
Total mass of leg b 


Sor bends 


Net flextural moment* at arbitrary pipe 
section 
Net torsional moment* at arbitrary pipe 
section 


Operator symbol 


Reaction force in ng direction at E for 

any unit load application 

Shock spectrum values for motion in X, 

Y, or Z directions at hanger location D. 
For example: 


(Ny.)o=Lo, sin 0, 


Shock spectrum value for motion in Z 
direction at anchor locations A or E 


Operator symbol 


Displacement of D in p,, direction w/r 
to translated position 

Generalized forcing function 

Xp f,+Zp gitZ,°h; 
Generalized coordinate defining the ith 
mode contribution to the instantaneous 
elastic deflection. (Dynamic component) 
Bend radius of pipe centerline 

Mean radius of pipe metal 

Number of iterations 

Reactions in nj, pa and —t, directions 
at D due to any unit load application on 
system 

Reactions in ny, P, and —t, directions 
at D corresponding to the static equi- 
librium position 

Reaction force at E in the —t, direction 
due to the application of any unit load 
on the system 

Time—variable 

Time at which deflection information is 
desired 

Local reference axis 

Pipe thickness (wall) 

Displacement of D in t, direction w/r 
to translated position 

Total elastic deflection in t direction 
Total elastic deflection in t direction 
corresponding to static equilibrium 
Strain energy of system 

Coordinate axes of system 
Instantaneous displacements of the han- 
ger D in the X, Y, and Z directions 
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Zs, Instantaneous position of the anchors 
A and E in the Z direction 


jy Influence coefficients—see separate tab- 


ulation 

Bxis Bais Bu Influence coefficients—see separate tab- 
ulation 

Yuis Influence coefficients—see separate tab- 
ulation 


Tangential displacement amplitude 
(parallel to axis) of any point in leg b 
with system vibrating naturally at ith 
natural frequency, as normalized 


8, Geometrical angles of piping system— 
see Figure (1) 


=Kpi 


bxis Cai Normal mode components in local n and 
p directions, (Elastic displacement am- 

-~ 2 plitudes for ith natural frequency) 

Suis Secs Tentative values of ith normal mode 
components, 
Any circular frequency 

@j The ith natural circular frequency 

Xn Displacements of m, in‘local n, p and t 


directions with respect to initial posi- 
tion— see Figure (6) 


Yus> xxs> Sxs Similarly defined displacements corre- 
sponding only to requirements of static 
equilibrium 

7 Any intermediate time between 0 and t 


Influence Coefficients*—-See Figures (1), (4) 

a,; Defi’n in n,f dir’n at m, due to unit force in n;} dir’n at m; 

@,; Defi’n in n, dir’n at m, due to unit force in p; dir’n at m; 

@,; Defi’n inn, dir’n at m, due to unit force in t; dir’n at m; 

;; Defi’n in p, dir’n at m, due to unit force inn, dir’n at m, 

x; Defi’n in p, dir’n at m, due to unit force in p; dir’n at m, 

By; Defi’n in p, dir’n at m, due to unit force in t; dir’n at m; 

one Yx; Defi’n in t, dir’n at m, due to unit force inn; dir’n at m,; 
Yj; Defi’n in t, dir’n at m, due to unit force in p; dir’n at m; 

7; Defi’n in t, dir’n at m, due to unit force in t; dir’n at m; 


Reciprocal Law 
- = 
=A =B 5x3 Bey =B jx 


APPENDIX IV CONVERGENCE OF NORMAL MODE 
ITERATIONS 


We have stated that any general elastic curve relative 
to the support configuration of the structure can be con- 
sidered to be the vector sum of 2n other curves each of 
which is geometrically similar to one of the 2n normal 
mode patterns of free vibrations. We have standardized 
the latter type of curve as the possible form taken by the 
pipe run when vibrating freely at the corresponding fre- 
quency when the ‘n’ component of deflection amplitude 


(83) a’, dur 
with components: 


+8) 


Any assumed value for, say, the lowest natural mode of 
vibration is in fact just such a curve in space which we 
can define by the assumed component £,, and ¢’,;. Let us 
say that these are represented by the series of the first 
and second of expressions (84) respectively. Now if we 
were to perform the following operations on these as- 
sumed values: 


(85) See eq. (22) for 
Py." | operators M,[ 1, 


we actually have from (84) a breakdown of operations as 
follows: 


*Primes on influence coefficients indicate values for reduced 
pipe run without hanger. 

+The subscripts for ‘n’ and ‘p’ refer to the local reference 
axes of the pipe leg in which mx or m; is situated. 


is unity at some standardized point, my. The n and p 
components of the resultant normal mode vector at any 
point are defined &,; and ¢,;. To say that any elastic curve 
is the vector sum of curves geometrically similar to those 
defined by &,; and &;, is to say that, this general curve 
can be defined by factors, say a,’, a,’....a'j, a’, each of 
which when multipled by all &;, &,; defines the actual 
contributing curve which is geometrically similar to the 
its normal mode shape. The general curve could be de- 
fined by vectors at all points, themselves the sum of the 
component vectors: 


+2’ kon 


or 


But the general equations (21) of the text show that the 

terms M,[é;1, and are actually equal to 

&a/o,? and Similarly M,[;2, {j2] and 

are equal to &,./,” and £,./,”, and so forth. Thus the 
operation (87) gives: 

2 

@, Os 


(88) 


The new pair, N,,” and P,,” define a new curve of the 
structure in space. A geometrically similar curve is de- 
fined by N,.”/Np,”=&.” and P,,”/Np,”={,1”. The latter 


curve is normalized as was the originally assumed shape 
&,:’ and {,,’. The new curve, as normalized, is expressible: 
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¥ 
N 
(89) Fi 1 


If we compare equation (89) with the original counter- 
part, (84), we note that the original ratio between the 
first and second terms of (84) was a,’/a,’. But in the pair 


(89) the corresponding ratio (2 a) a’ . But, by defini- 


tion, w,>,, and therefore the contribution of the second 
mode shape with respect to the first is less in the new 
curve. The same can be demonstrated for all the higher 
modes, the decrease in contribution being successively 
greater mode by mode. A repeated operation M,[&.”, 
followed by renormalizing would 
show the same trend with respect to the second trial. 
This, then, demonstrates that successive trials will con- 
verge upon the lowest, fundamental mode. Graphically 
what is happening during the iteration processes is that 
the originally assumed vectors of displacement are being 
rotated and expanded or contracted until in the limit 
they swing into coincidence with the true first mode vec- 
tors at each point. 


A curve which contained contributions of all but the 
first mode could be shown similarly to converge on the 
second mode and so forth. It is possible to take an as- 
sumed curve such as (84) and, knowing the values of 
and £,,, to remove the vestiges a,’ &., a,’ of the 
first mode characteristic. This can be acccomplished by 


computing the value a,’ in (84). First we rewrite (84) as 
an assumed shape of the second mode: 


i=2n 


> ani’ Exi 
(84A) ~ 


i=2r 


and multiply the first expression of (84A) by (my. &.+ 
Am, &,;) and the second by (m,,.’f,;-+Am,*&.). We then 
sum the results over all mass points, m,, and add the two 
with the result: 
K=n 
on 
— , = 
k=1 
k=n 


In the following appendix it is shown that for any mode 
pri: 
k=n 


=1 
which is the orthogonality condition for this type of struc- 
ture. This means that all sums on the right hand side of 
(90) save the first must vanish identically. The resulting 
equation contains terms which are all known except a,’, 
and is therefore expressible: 


+ Me’ + Am, + I] 


(91) a,’ 


k=1 


APPENDIX V ORTHOGONALITY RELATIONSHIP 
The basic relationships between the normal mode com- 
ponents which were developed in the text are: 


j=n 


The above reults can be generalized to cover the succes- 
sive elimination of lower mode terms by the same reason- 
ing, as shown in the text equations (27) and (28). 


(20) 


(b) Am; By; + (m,.’ By; +Am, By; ) 


If we were to multiply each side of (20a) by m,é,,, where 
pi, and then were to sum over all m,, we could rear- 
range certain terms on the right hand side of the result- 


k=n k=n 


(92) 


k=n 


ing equations, recalling also the reciprocal relationships 


(1) of the influence coefficients (i.e. a; = Bj; 


etc.), and the resulting equation would be: 


k=n 


k=n 
+ Sm, fii Bat 


Now for each term on the right hand side of this equa- 

tion the second summation is actually a part of the nor- 

mal mode component divided by w,”. For example, we 
k=4 


can designate p (Ejp) n™/o,? Where we can 
k=1 
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imply that the term (é;,),™ is that part of, ¢;, which is 
caused solely by the inertial forces —m, Ep (acting in 
the local n directions). As another example: the term 
implies. the part of caused by the inertial 


forces (—m,,’ {,, operating in the local p directions). 
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i 


(93) 7 


k=n 


By entirely reasoning if we multiplied (20b) by m,,’f,, and summed up over all 


m, we would turn up with 


(94) k= 


k=n j=n 
=] 


+m (jp) p™ + Am, £5; 


On the other hand, had we multiplied (20a) and (20b) by Am, g,, and Am, é, re- 
spectively and similarly summed, the two resulting equations with the same symbolic 


form would be: 
oO 


(95) 


k>=i 


(96) 


If we were now to add equations (93) - (96), there would 
be terms such as M il + (Esp) (&5p) 
+ (&p))4™]. But this quantity in brackets [ ] is simply é;, 
since this accounts for all the inertial forces which cause 


k=n 


(97) 


@,2 


k=n 2 — 
k=1 Pp 


j=n 
j=1 


the deflection ¢;,. This type of contraction can be made 
for all terms in the proposed summation of equations 
(93)-(96). The net result of this would be then: 


Now, of course, a summation over all k is equivalent to a 
summation over all j since m, and m, are entirely arbi- 
trary. The obvious meaning of (97), (1—w,?/,2) being 
constant and non-zero, is that for pi: 

j=n 


(29) > Cm jee ip} t+ Amy 


And (29) expresses the orthogonality property of this 
class of structure which is of such powerful assistance to 
the formulations developed here. 
It can also be noted that when p=i; 
j=n 


j=1 


APPENDIX VI CHARACTERISTIC RESPONSE PARAMETERS 


In discussing shock we discovered that after having 
evaluated certain quantities, My,—M,, and Ny,—N,,, 
these terms could be expressible in normal mode terms. 


(98) > t Amy yp] = 
k= 


(99) + = de 
k= i=1 


For example, the pair, M,, and N,,, were expressed: 


i=in 


dei &i 
(57a) 


i=2n 


ye 


These values, M,, and N,,, correspond (from (56)) to 
the deflections caused by part of the inertial forces; 
js, under the circumstances that y»=1.0, and 
e; is the generalized coordinate describing the ith con- 
tribution to such a curve. These equations (57a) are 
actually simultaneous and solvable, when written for all 
k, and for all i. But, as has been noted, there is an easier 
approach. 


We could multiply the equations (57a) by (mye&p 
and respectively and in each 
case sum over all points m,, yielding: 


i=2n k=n 


> + Amy Lip xi 
i=1 = 
i=2n k=n 


> (mye Lip + AM Exp) 


A.S.N.E. Journal, May 1954 369 


wo 
J 
= 
de 
of 
n 

k=n 
in 
rm 
ial K=n 
s). 


PIPING UNDER DYNAMIC LOADING 


CRAWFORD 


Now if we add (98) and (99) we find that all terms on 
the right hand side of the resulting equation vanish ex- 
cept when i=p by virtue of the orthogonality relationship 
(29). Another way of saying this is to assert that the 


k=n 


summations of all i in (98) and (99) contract to the 
single terms where i=p only. There is only one variable, 
e;, that is unknown in the resulting combined equation. 
And this permits the evaluation: 


Myx +Nix (mye Lici HAM ekki) 


(58) ¢= 


k=l 


The other parameters, f, g; and h; can be similarly eval- 


uated by the identical reasoning. 
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SOME SAFETY ASPECTS OF OFFSHORE 
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i ALL probability no one phase of American indus- 
try is subject to as many governing bodies and their 
regulations as is the maritime industry. The govern- 
ing bodies and their control over the maritime indus- 
try also include the same bodies and regulations that 
govern the small boat industry and, more particular- 
ly, the offshore oil operator and the offshore geophysi- 
cal explorer. The basic objectives of these bodies are 
safety to equipment and to the seafaring personnel. 
Whether these objectives are efficiently and econom- 
ically executed is not the aim of the author in this 
paper, but it must be agreed that the principles on 
which these regulatory bodies are founded are le- 
gally and morally sound, and have contributed mate- 
rially to the safety of those who go to sea for a 
livelihood. 

Looking into the history of safety in our maritime 
trade, one can go back to 1832 when 14 per cent of 
the vessels in operation were destroyed by explosions 
and fires, and the loss of life was approximately 1000. 


In 1871, after years of failure to incorporate effective 
legislation, the Bureau of Steamboat Inspection was 
created; and although it did not attain the ideal 
sought, it was effective in reducing the yearly toll of 
life to 245, as compared with previous yearly aver- 
ages of 700. Through the many changes in the 
functions and organization of the various depart- 
ments of our government, the Bureau of Steamboat 
Inspection finally became the Marine Inspection 
Office of the United States Coast Guard under the 
reorganization transferring it from the Department 
of Commerce to the Treasury Department. 

Representative of the scope of the governmental 
agencies responsible for the legal aspect of securing 
conformity with recoginzed standards in the busi- 
ness of building and operating ships is the following 
list of human and technical requirements for which 
the U. S. Coast Guard is responsible: “ 


i1Numbers in parentheses refer to the Bibliography at the end of the 
paper. : 
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Human Requirements 

(Assurance of competent and adequate personnel.) 

1. Examination for licensing and certificating personnel. 

2. Determination of a vessel’s necessary complement of per- 
sonnel. 

3. Minimum age requirements. 

4. Disciplinary measures for seafaring personnel. 

Technical Requirements 
(Legal standards for the construction and operation 
of ships.) 

1. Structural strength of ships. 

2. Subdivision and stability of ships. 

3. Load-line requirements. 

4. General rules as to machinery of ships. 

5. Protection against fire hazards (including tanker regula- 
tions) . 

6. General requirements for life-saving equipment. 

7. Rules on communication systems at sea (including those 
on board, between ships, and ships-to-shore). 

8. Federal regulations of motorboats. 

9. Legal requirements of the International Convention for 
the Safety of Life at Sea, 1948. 


Under the supervision of the U.S. Coast Guard and 
of the American Bureau of Shipping, a workable sys- 
tem of safeguarding the traveling public, the insur- 
ance underwriter, the shipowner, and the shipbuilder 
has been evolved. The American Bureau of Shipping 
publishes Rules for Building and Classing Steel Ves- 
sels, and a record giving particulars of vessels classed 
and their ratings. It is authorized to assign load lines 
under the provisions of the U. S. Load Line Acts of 
1929 and 1935. 

The foregoing brief of the functions and responsi- 
bilities of the regulatory bodies is intended to give 
some idea of the scope of activity that has been 
undertaken by the government to insure that safety 
of life and equipment at sea is put into effect and en- 
forced. Not all of the aforementioned requirements 
are applicable to the operation of a geophysical party 
offshore. Some of the regulations are not applicable 
because of the basic characteristics of the vessel; or 
they can be avoided by placing the vessel in a cate- 
gory according to its length, gross tonnage, service, 
type of propulsion, limited trade routes, etc. Never- 
theless, under the jurisdiction of the U. S. Coast 
Guard there are regulations which will govern the 
construction and certification of all floating equiv- 
ment; and although attempts to evade these regula- 
tions are often made on mere points of technicaltiy, 
the moral responsibility finally rests with the owner 
or operator should a disaster occur. 

The “Motorboat Regulations” administered by the 
Coast Guard require nothing more than compliance 
with certain regulations concerning navigation lights, 
fire extinguishers, and life jackets, life rings or life 
preservers, and apply to all motor boats and motor 
vessels not subject to inspection and certification. 

As a matter of information, just recently the entire 
set of Rules and Regulations for Vessel Inspection 
underwent a complete revision; public hearings were 
conducted where the shipbuilders, owners, operators, 
naval architects, etc., had an opportunity to request 
changes in the proposed legislation which would 
benefit the trade. The rules and regulations for the 
inspection of all types of vessels were revised for the 
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principal reason of incorporating therein require- 
ments made necessary as a result of the United 
States being a signatory body to the International 
Convention for the Safety of Life at Sea, 1948. The 
effective date of the provisions of the Convention was 
November 19, 1952. Vessels were required to be in 
conformance within one year from that date. 
Because the shipbuilder does not build ships for 
his own account, his concern with the numerous laws, 
rules, and regulations is not primarily cost. When he 
puts in his bid, he usually has specifications calling 
for design, material, equipment, and workmanship in 
accordance with the requirements of certain regula- 
tory bodies. He is supposedly familiar with these re- 
quirements, includes the cost in his bid, and thus 
passes it on to the owner. It does not follow, there- 
fore, that the builder welcomes unlimited rules call- 
ing for more equipment and finer workmanship in 
order to make a bigger and more expensive job. After 
all, there is the possibility that the cost may become 
excessive so that the owner will decide not to build; 
and, even though the owner pays the bill, he is the 
shipbuilder’s best customer so naturally the builder 
has the owner’s interests in mind at all times.‘” 
When a vessel is constructed, compliance with the 
requirements of the following is usually written into 
the specifications or incorporated by reference: ‘”? 


1. American Bureau of Shipping 
2. United States Coast Guard 
3. Revised Statutes, Navigation Laws of the United States 
_ 4. International Load Line Convention, London, 1930 
5. International Convention for the Safety of Life at Sea, 
1948 
6. United States Public Health Service 
7. Senate Report No. 184 
8. Federal Communications Commission Radio 
9. United States Customs Admeasurement 
0. American Institute of Electrical Engineers Recom- 
mended Practice for Electrical Installation on Shipboard. 
(Now a part of Item 2) 
11. All other applicable laws as required for procurement 
of necessary certification. 


The rules and regulations that have been men- 
tioned were designed to protect the individual, the 
partnership, and/or the corporation; but often there 
is someone who feels, like the fast driver on the high- 
way, that these rules apply to “the other fella, not me” 
and proceeds on his merry way to place in commis- 
sion a surplus craft of nondescript characteristics that 
was converted under ill-advised conditions. Some of 
the deficiencies these vessels may have are: 


Insufficient initial stability or range of stability. 

Improper fuel tank sounding facilities. 

Improper fuel tank venting facilities, or the venting of fuel 
into a closed compartment. 

Inadequate structural strength. 

Defective electrical wiring and unprotected circuits. 

Lack of bilge pumps or pumps of insufficient capacity to 
handle a damaged condition. 

Inadequate watertight subdivisions and inefficient water- 
tight closure appliances. 

Fire fighting equipment that is either inefficient, inadequate, 
or aged beyond effective life. 

Insufficient life-saving equipment in form of ring buoys or 
preservers. 
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DARDEN 


OFFSHORE GEOPHYSICAL OPERATIONS 


This list is not intended to be a complete list of the 
deficiencies which might exist in a vessel; however, 
it does list some major ones which have caused vessel 
losses and which are existing in many vessels that are 
in service today. Many owners are now trusting to 
luck and are hoping that no ill fortune will happen 
until the vessel is idle and can be overhauled without 
a loss of working time. 

The consequences of such expediencies is to en- 
danger the lives of the operating crew and jeopardize 
the owner’s investment in the facility. Compliance 
with the rules is actually a cheap form of insurance. 


One author on safety) has listed fourteen major . 


causes of accidents and has credited twelve of the 
fourteen causes as being due to the human factors 
involved. (It is imperative that physical fitness and 
a higher level of intelligence and training be required 
of seamen. Thousands of dollars are spent to design 
and make a vessel safe, only to be entrusted to in- 
ferior personnel.) The two material factors are de- 
fective equipment and unsafe structures. The major 
portion of the existing laws and regulations govern- 
ing vessel inspection are primarily designed to mini- 
mize material and equipment failures, and to guaran- 
tee a safe structure within the limits of quality 
inspection. 

In a geophysical shooting expedition, the knowl- 
edge that several thousand pounds of explosives are 
on board should naturally promote safety precau- 
tions in the handling of the explosives, their storage, 
and shipboard fire precautions. Certain types of ex- 
plosives are set off by booster charges which are in 
turn primed by electrically charged detonators. A 
possible detonation exists if the electrical equipment 
and circuits are not properly grounded, since handl- 
ing the detonators and explosives in contact with the 
vessel and its equipment may release a charge of suf- 
ficient capacity to set off the detonator. Aboard a 
wooden vessel this danger is magnified unless all cur- 
rent carrying equipment and materials are bonded 
together and carried to grounding plates on the ves- 
sel’s submerged hull. A steel hull vessel is less diffi- 
cult to ground. Grounding of all the electrical circuits 
and outlets will also prevent severe shocks or the 
electrocution of personnel due to the inherent dan- 
gers of ungrounded equipment, as well as eliminating 
the chances of a possible premature detonation. 

Seaworthiness and stability are often given slight 
consideration when sending.a vessel to sea, and some- 
times it is left to the master seaman’s “feel” of the 
vessel—a person who.may.or.may-not be qualified to 
exercise such judgment. The experienced seaman is 
often unqualified to predict the stability of a vessel 
in a seaway, even after being shipmates with the ves- 
sel for a considerable length of time. The fishing trade 
offers a wealth of information in this respect since 
fishing vessels generally are evolutions of types which 
have been in use over a long period of time. A fisher- 
man stepping into a new boat, which is usually slight- 
ly modified from an existing type, has to decide by 
his senses whether the boat is safe or not. Does she 


heel too much when he puts the rudder hard over? 
Is she tender when she has a load of fish on deck? The 
fisherman uses his senses of feel to evaluate these 
points. To give him his due, he has generally been 
right in his decisions, and the number of casualties 
in fishing vessels due to an insufficient margin of sta- 
bility is relatively low.” 

Seaworthiness describes the fitness of a vessel with 
respect to the condition of its hull and machinery, the 
extent of its fuel and provisions, the quality of its 
officers and crew, and its adaptability for the pro- 
posed voyage. 

The question of what constitutes a satisfactory 
margin of stability for a floating object is as old as the © 
first floating structure and, up to comparatively re- 
cent times, it has been answered only empirically. 
Vessels which continued to go to sea and come back 
safely were judged to have a satisfactory margin of 
stability. Those which capsized and were lost had an 
inadequate margin.” 

Stability, a prerequisite of seaworthiness, is a func- 
tion of the vessel’s hull form, freeboard, watertight 
subdivision, and the location of the center of gravity 
of the vessel, its cargo and all weights on board. The 
initial stability or metacentric radius of a vessel is a 
criterion by which the stability of a vessel is mea- 
sured, but this criterion is not to be considered all- 
inclusive since it is applicable only for the angles of 
inclination of the vessel where the angle of heel does 
not exceed 7 to 10 degrees. Outside of this initial 
range, the stability becomes an involved calculation 
including many variables and, because of the com- 
plexities involved, the vast majority of floating struc- 
tures in the world today are built without any analy- 
sis of stability other than the old empirical question: 
“Has it turned over yet?” The naval architect is best 
qualified to predict the range of stability of a vessel, 
and his qualifications are based upon his knowledge 
of the behavior of other vessels of similar form hav- 
ing a known initial metacentric radius; to wit, the 
engineering method of direct evaluation. 

The converted vessel which has had weights re- 
moved, relocated, and added without a check calcu- 
lation of the effect of these changes is a dangerous 
vessel to be afloat. Although the vessel may float up- 
right and appear to have a sufficient righting moment 
for moderate angles of heel at the pier, she may cap- 
size when subjected to the forces that are experi- 
enced in a seaway because the vessel’s range of sta- 
bility was seriously impaired during the conversion. 

Stability is of such paramount importance to the 


. .wessels of the U.S. Navy:that-during’repairs, over- 


hauls, or modifications an accurate record is kept of 
the weights that are moved and their location verti- 
cally and fore and aft, so that the location of the ves- 
sel’s center of gravity can be determined, and thus 
determine the effect of the changes on the vessel’s 
stability characteristics. 

Having selected the proper vessel and incorporated 
therein the necessary safety features that are based 
upon the experience and personal preferences of the 
architect, builder, owner and operator, it then be- 
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DARDEN 


comes the responsibility of the personnel on board to 
indoctrinate safe practices that will minimize the ele- 
ments of human responsibility. 

Safety at sea results from a combination of wide 
experience and technical ability of naval architects 
and boat builders to design, lay down, construct, and 
equip a good ship; but it is not effective unless the 
vessel is manned by competent officers and crew. 

Many of the vessels that are employed in the off- 
shore oil industry are not required either by a federal 
or independent agency to establish and certify the 
qualifications for the seagoing personnel that will 
man these boats, and in this era of labor shortages 
and union influence everyone cognizant of the mean- 
ing of the word “seamanship” will admit the incompe- 
tence of the crews and their inattention to duty. 

A serious error of judgment occurs when a vessel 
stays out beyond the safe period of operation when 
treacherous weather is expected. This error can be 
attributed to faulty instructions, the inability of the 
employee, the lack of concentration, or the permit- 
ting of an unsafe practice. With today’s method of 
reporting and tracking down local and tropical dis- 
turbances, there is little or no excuse for a vessel 
overstaying its welcome when bad weather is pend- 
ing. Many of the vessels engaged in offshore work are 
of insufficient size to weather through a moderate 
blow without damage to the vessel or injury to the 
personnel on board. Furthermore, it is impossible to 
conduct operations of any sort when the weather is 
bad, as the main consideration of all on board is self- 
survival. To expose personnel and equipment to such 
risk is a foolhardy attempt at false economy. One mis- 
hap can cost in prestige to a company and its opera- 
tions far more than the lost time of returning to a safe 
harborage to wait out a blow. Once exposed to the 
fury of the elements, the only known procedure is to 
insure watertightness, pick the course and speed at 
which the boat will ride easiest, hang on for life, and 
make a prayer that will offer the best chance for 
survival. 

Many of the features of a marine safety program 
have been omitted in this paper because space does 
not permit. Marine safety is a “watch in watch,” “all 
hands evolution.” Only a few of the elementary fa- 
cets of marine safety have been mentioned, but it is 
the author’s hope that the management of the com- 
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panies engaged in offshore geophysical prospecting 
will become increasingly aware of offshore safety 
problems. 

In conclusion, the author believes that the initial 
step in a safe program is for the owner or operator to 
consult a naval architect or a shipyard that is staffed 
with experienced personnel, who are most familiar 
with the problems and the requirements of the regu- 
latory bodies and who have a wealth of data from the 
experience of building and operating many types of 
vessels. With this procedure a vessel owner or opera- 
tor may save himself costly modifications, time, and 
embarrassment by having to comply at the last min- 
ute with a law relating to equipment or construction 
before the vessel is permitted to sail. A naval archi- 
tect collects and records data on which to base the 
performance of his design in the same manner that a 
geophysicist will obtain and record accurate and de- 
tailed geophysical data that relates to an oil field, in 
order that he may predict the producing capabilities 
of the unknown area that is his next survey. 
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ALL-WELDED 


96-FT AMERICAN-BUILT MOTOR YACHT 


This paper, presented at the 1955 National Fall Meeting of the American 
Welding Society, was published in the January, 1956, edition of “The Welding 
Journal.” The authors are LaMotte Grover, of Air Reduction Sales Co., and 
E. H. Holder, of Ingalls Shipbuilding Corporation. 


GENERAL DESCRIPTION 


» all-welded yacht, Rhonda III (Fig. 1), is of 
special interest to the welding industry as an exam- 
ple of the successful application of certain principles 
of design and construction, to control distortion and 
to suppress noise and vibration during operation. 

The completion of this 96-ft twin-screw yacht in 
January 1955, by the Ingalls Shipyard at Pascagoula, 
Miss., adds a new and important chapter to the his- 
tory of American motor-yacht design and construc- 
tion. The vessel was designed by M. Rosenblatt and 
Son, New York Naval Architects and Marine Engi- 
neers, to meet requirements determined largely by 
Robert I. Ingalls, Jr., Chairman of the Ingalls Ship- 
building Corp. She is outstanding in her class for 
many of her features. 

An important requirement was the ability to cruise 
at great distances off shore, despite a relatively shal- 
low draft suitable for cruising in southern waters. 


She is capable of a 124-knot sustained cruising 
speed and a maximum speed of 13 knots. Powered by 
two Diesel engines of 426 normal shaft horsepower 
each, with a 4940-gal fuel oil capacity, she has a 
cruising range of 2500 miles at a speed of 8% knots. 
She is well insulated and completely air conditioned. 
Many yacht builders and designers have contend- 
ed that steel hull construction can be employed for 
pleasure craft only with a sacrifice in appearance or 
with excessive cementing to conceal warping, espe- 
cially in the case of welded construction. There are 
others who have come to realize the advantages and 
merits of steel construction, but still maintain that 
objectionable noise and vibration can be eliminated 
in steel pleasure craft, only by the use of riveted 
joints. Some designers and builders advocate the use 
of strips of some kind of vibration-damping material, 
introduced between the faying surfaces of a riveted 
joint, to interrupt the continuity of the steel plating 
and prevent transmission of noise and vibration. 


Figure 1. All-welded 96-ft Motor-yacht, Rhonda III. 
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Further, serious doubt has been expressed by some 
that any large shipyard, with personnel experienced 
mainly in building large ocean-going vessels, could 
build pleasure craft of the kind that would compare 
favorably with fine custom craft built by the fore- 
most American yacht builders. 

The building of Rhonda III has not only disproved 
these various contentions, but it has virtually set up 
new standards. The comforts of modern roomy 
American living and the sturdiness and dependabili- 
ty of a seagoing vessel have been combined with ele- 
gance and the finest workmanship. This was accom- 
plished largely with the use of the same techniques 
and methods as employed in building some 140 large 
ships at the Ingalls shipyard in Pascagoula. 

The Rhonda III was the largest yacht built in 
America during 1954, and the fourth largest that has 
been built in this country during the last decade. Her 


main characteristics are as follows: 


95 ft, 10 in 

Length on waterline ............ 90 ft, 656 in 
Beam, extreme, molded ......... 20 ft, 10 in. 
Draft, half-load extreme ........ 5 ft, 10 in. 


Displacement, half-load, molded. 147 tons 


Fresh water capacity ........... 2503 gal 

Fuel of] capacity 4940 gal 
Propelling machinery ........... Twin-screw diesel 


Total horsepower, both engines... 852 normal shp at 650 rpm 
(980 shp at 683 rpm, at 
15% overload—2 hr rat- 


The vessel has a raised forecastle and transom stern. 
Provision is made for an owner’s party of three cou- 
ples in separate staterooms with separate baths for 
owner and guest. Forward, below the main deck, is 
a large full-width galley, a separate crew’s mess, en- 
closed staterooms for captain and cook and quarters 
for three hands. Three additional hands can be ac- 
commodated for long ocean voyages. 

The hull is divided into compartments by five 
water-tight transverse steel bulkheads, thus afford- 
ing a high degree of safety in the event of collision. 
Further, the vessel is equipped with the latest navi- 
gation and safety devices. Built by Ingalls for their 
own account, she is suitable and available for service 
as a United States Coast Guard harbor or patrol ves- 
sel in case of national emergency. 


STRUCTURAL DESIGN 

The hull framing of this yacht is quite similar to 
that of a large ship, Figs. 2 and 3, making her sturdy 
and dependable for ocean voyages. Most of the hull 
is constructed of 7.65-lb, low-alloy, high-strength, 
corrosion-resistant steel. Transverse inverted angle 
frames, 24% x 1% x 3/16 in., are spaced at 16% and 
17% in. centers, with web frames composed of 6 x 
3/16 in. web and 3 x 3/16 in. flat bar flanges, spaced 
as required. A longitudinal stringer is provided 
about mid-height between tank top and the main 
deck. Two keelsons on each side extend aft from the 
engine girders. Forward, there are keelsons in line 
with the inboard engine girders, extending to Frame 
16. 
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There are seven strakes of hull plating on either 
side of the flat keel, Fig. 4. The flat keel and adjacent 
garboard strakes are of 12.75-Ib plating (5/16 in. 
thick). The B-strakes are 8.925-lb plating (7/32 in. 
thick). The remainder of the hull plating is 7.65 Ib 
(3/16 in.), and the bulwark is 6.375 Ib (5/32 in.). 

Structural bulkheads are constructed of three 
strakes, the upper two of 6.375-lb plating and the 
lower strake of 7.65-lb plating. 

The main deck and forecastle deck are of 7.65-lb 
plating (3/16 in.) and 5.1 lb (% in.). The plating of 
the house sides and superstructure bulkheads is in 
general of 6.375 and 5.1-lb plating. Requirements for 
spacious quarters with 6-ft. 4 in. minimum head 
room, for comparatively shallow draft and for elabo- 
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Figure 2. Typical angle frame, No. 45, Frames 43, 44, 46 and 
47 are similar, 
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rate equipment, all tended to increase the height of 
the vessel. To minimize weight above the main deck, 
the boat deck and pilot house top are of plywood 
laid on steel beams. The cabin sole is of similar 
construction. 

An important objective in the layout of the 
was to provide support and rigidity that would hele 
to reduce hull vibrations and noise at all speeds— 
hydrodynamic vibrations as well as mechanical vi- 
brations. The inboard engine girders extend the en- 
tire length of the vessel and the outboard girders 
extend aft to the transom, as well as several frames 
forward of the engine room. Ample athwartship 
bracing is provided in the engine room and aft, to 
resist transverse vibrations of the engines. There is 
sufficient stiffening of the bottom shell to eliminate 
any excessively large, relatively flat, unsupported 
panels of plating. Fiber glass insulation of various 
areas, as well as electrically insulated couplings in 
the propeller shafting, also contribute to repression 
of noise. 

To minimize warping and distortion due to weld 
shrinkage, it is very important to specify, and actual- 
ly use during construction, the minimum amount of 
welding that is consistent with design requirements 
and consistent with the construction requirements 
such as facilitating handling, erection and other op- 
erations. As the size of fillet welds is increased be- 
yond such requirements, the tendency toward distor- 
tion mounts rapidly. 

Load tests, made of sections of plating with lightly 
welded stiffeners, showed that intermittent fillet 
welds of quite small size would provide sufficient 
strength. Calculations showed that the amount of 
fillet welding required at details, such as bracket 
connections of deck beams to shell frames, could be 
reduced to considerably less than the continuous 
fillet welding that is often shown for such details. The 
results of these tests and studies were, in a measure, 
incorporated into the design. However, in doing this, 
consideration was given to the effect of impact, such 
as would result from even minor collision, as well as 
resistance to corrosion in some locations. 

Zine metallizing was applied to all exterior hull 
surfaces below the waterline and other areas partic- 
ularly susceptible to corrosion. Areas adjacent to 
weld locations were masked 1 in. on either side of the 
joint to prevent contamination during welding. Any 
zinc spray that was accidentally applied near a joint 
was removed thoroughly by grinding before the 
welding was done. Completed welds were cleaned 
thoroughly before these adjacent areas were finally 
coated with zinc spray. 


GENERAL CONSTRUCTION FEATURES 

Of course, it was not feasible’to use prefabrication 
and subassembly to as great an extent as that em- 
ployed for big ship construction, which often has 
involved a good deal of duplication in orders for 
sister ships. However, it was evident that good use 
could be made of facilities and methods of fabrication 
and subassembly that had been developed for build- 
ing large ships. 


Major emphasis was placed on the control of 
distortion in all construction operations, from the 
preparation of material, through all operations of 
fabricating, fitting, welding, assembly and erection. 
All crafts were made conscious of this objective, and 
cooperation between them was stressed. 

All plate material was ordered to be “leveled” or 
straightened by mangle rolls at the steel mill, in view 
of experience which has shown that some distortion 
in light plating, which has been attributed to welding, 
actually has been in the plate material as received 
from the mill. 

To control distortion, it is important to avoid ex- 
cessive fillet weld sizes in construction as well as in 
design. Experience has shown that electrode charac- 
teristics are an important factor in the general tend- 
ency among the majority of welders to make oversize 
fillet welds, particularly in the case of small fillets 
such as %- or 3/16-in. size. 

It has been found that the use of low-hydrogen- 
type electrodes facilitates the holding down to cor- 
rect size for small fillets. This may be due to the fact 
that the technique of using low-hydrogen electrodes 
involves less manipulation, and therefore, less tend- 
ency to build up oversize welds than in the case of 
conventional electrodes such as the E6010, E6012, 
E6013 and E6020 types, when the size of fillet welds 
is quite small. It was largely for this reason that AWS 
Class E6016 electrodes of 3/32 and \% in. diam were 
used for all the welding on this vessel. 

Fillet welds, in general, were of %-in. size, except 
in a few connections that required 3/16-in. size. With 
the exception of locations where strength, corrosion 
resistance or watertightness required continuous 
welds, all fillet welds were made intermittent. For 
example, the fillets for attaching side frames and web 
frames to the shell plating, and web frames and deck 
beams to deck plating, were made %-in. size, 1-in. 
increments at 12-in. centers, with double continuous 
fillets, 3-in. long, at the ends. 

Careful advance planning of schedules is very im- 
portant—to insure good workmanship and to control 
distortion as well as to facilitate speed and economy. 
Apart from the very important role in distortion con- 
trol that is played by a well-planned welding se- 
quence, it serves to tie other operations together in 
an orderly fashion, with suitable subassemblies 
erected in proper sequence. The use of proper weld- 
ing procedure and technique is also an influential 
factor in distortion control. 


PREFABRICATION AND SUBASSEMBLIES 

One of the first prerequisites for accurate fabrica- 
tion and subassembly is the provision of fair working 
floors or slabs, platens and jigs, together with suit- 
able facilities for handling and storing materials and 
fabricated parts in such a way that they will not be 
damaged. If welding is done on a part while it is not 
held fair, the welding will simply lock the part in the 
distorted shape. 

With accurate control of lines and dimensions dur- 
ing prefabrication and subassembly, as well as d 
erection, proper fit-up was assured. This avoided the 
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kind of distortion that results from forced fitting. 
Also it eliminated excessive welding to compensate 
for inaccurate fitting, and thereby it reduced weld 
shrinkage distortion to a minimum. 

Special attention was given to see that all parts in 
the vicinity of a welding operation were not only 
accurately fitted but also properly supported to hold 
them fair and in correct position during all welding 
operations. The plating of the welding floors or plat- 
ens was not less than % in. thick. 

In welding the light-weight bulkhead and deck 
subassemblies, the plating was first placed on the 
steel welding floor with the stiffener side down (that 
is, the side to which stiffeners or deck beams were to 
be subsequently fitted). The abutting edges of plates 
were fitted together with spacer-shims, to provide 
uniform root opening of about 3/32 in., and thus to 
insure good penetration and provide for uniform 
shrinkage along the butt joints with little tend- 
ency toward angular distortion. Controlled uniform 
i also facilitated the prediction of over-all 
shrinkage of the vessel or subassembly and the re- 
sulting loss of dimensions. Sufficient tack welding 
was done along all butts and seams to maintain 

root spacing and alignment. 

Weight boxes on hold-down plates were then 
placed along the entire length of each butt and seam, 
on both sides of the joint, as close to the joint as prac- 
ticable, to hold the deck or bulkhead plating flat and 
in contact with the welding floor. These hold-down 
plates were not less than 12.75-lb plate and 2 to 3 ft 
wide. 

The welding of the butts and seams was then done 
by a wandering or skip welding order of deposition, 
completing the welding along each butt or seam be- 
fore proceeding to the next one in the established 
sequence. This welding was done by first depositing 
increments of 5-in. length, spaced 18 to 24 in. apart. 
Next a series of similar increments were deposited 
adjacent to the first increments, and so on until the 
spaces were all welded. In way of window openings, 
the butts and seams were merely tacked and left 
unwelded. The butts and seams were all worked with 
a maul and flatter while they were still weighted 
down. 

After all butts and seams in an assembly had been 
welded from the first side, the plating was turned 
over and weighted down as before. The butts and 
seams were then backchipped to sound metal and 
completed using a similar skip welding order of de- 
position. The weight boxes and hold-down plates 
were removed and the weights were replaced direct- 
ly on the subassembly plating in an arrangement that 
would clear the stiffener or deck-beam locations. 

Next, the stiffeners or deck beams were fitted and 
tacked, and then welded, usually progressing from 
the middle of the assembly in both directions. 

The sequence of shop operations, as just described, 
has been found to be suitable both for light plating 
and also for very heavy plating in which the butt 
welds are filled to only half the plate thickness or less 
during the welding from the first side. For interme- 


378 = A.S.N.E. Journal, May 1956 


diate thicknesses the plating may be laid down first 
with the stiffener side up. Most of the groove depth 
is then filled when the butts and seams are welded 
from this side, prior to fitting, tacking and welding 
the stiffeners or deck beams. The assembly is then 
turned over for completion of the butts and seams. 
Since the completing of the butts and seams from 
this second side involves a comparatively small 
amount of welding, it can be done in this manner, 
after the stiffeners or deck beams have been welded 
in place on the opposite side, without undue restraint 
from the stiffeners. 

The “drum-heading” method of distortion control 
was tried on two bulkheads. The boundaries of the 
plating were tack welded to the welding floor prior 
to the welding of the stiffeners to the plating. After 
welding, the assembly was permitted to cool before 
it was released by chipping the boundary tack welds. 
This drum heading produced no noticeable improve- 
ment, probably because the light intermittent stiff- 
ener welds did not provide sufficient shrinkage to 
cause drum heading. 

A further refinement was used at some places to 
minimize the angular distortion at fillet-welded tee 
joints and to minimize the lines of welts that some- 
times occur on the smooth side of the plating, oppo- 
site the fillet welds that attach the inverted angle 
stiffeners, deck beams or frames. In fitting some of 
these tee joints, both in the shop and during erection 
of the shell plating, short pieces of 1/64-in. diam soft 
iron wire spacers were inserted transversely at 18- 
te 24-in. intervals along the entire length of the tee 
joint, to breast out the toes of the angles slightly. 

The use of such soft iron spacers is particularly 
helpful when the curvature of shaped plating runs 
at right angles to the stiffening members, and shrink- 
age tends to pull the plating flat between the frames 
or stiffeners, instead of following a fair curved sur- 
face. 

It is believed that the cost of reasonable refine- 
ments to avoid distortion, as used for this vessel, is 
more than offset by the reduced cost of fairing by 
flame shrinking and other means after the welding is 
completed. The importance of accuracy of dimen- 
sions of subassemblies and parts cannot be stressed 
too greatly. Forced fitting is responsible for a good 
deal of distortion that is especially difficult to correct 
after a structure has been completed. 


ERECTION 

The keel was laid July 26, 1954, on a carefully 
aligned and leveled grid of steel beams. The main 
longitudinal beams of this grid were placed far 
enough outboard that stocks or shores under the 
bilges could be supported directly over these longi- 
tudinal beams, on the outboard ends of the cross- 
bearer beams. 

Realizing the importance of accuracy in erection 
and fitting and their relation to the control of distor- 
tion, the frames of the vessel were carefully aligned 
and continually checked to see that they conformed 
to the molded lines, in advance of welding operations 
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on the shell and deck plating. Although care had been 
taken in fabrication and subassembly work to control 
shape and dimensions accurately, continual checking 
was done during erection to be sure that any neces- 
sary corrections would be made during the fitting 
and in advance of the welding—for example, the 
checking of the alignment of ends of floors and of side 
frames and deck beams, edges of transverse bulk- 
heads and contour of shaped plates of the shell. 

The work of riggers, fitters and welders was co- 
ordinated, to conform to the planned erection se- 
quence and welding sequence, so that fitting would 
not advance too far ahead of the welding at any loca- 
tion. Otherwise, there would have been excessive re- 
straint against weld shrinkage at some points. 

Further, when the work is fitted and tacked or rig- 
idly clamped, too far in advance, it can produce the 
same effect as departing from the welding sequence. 
Under these circumstances the weld shrinkage can 
pull parts out of correct alignment or relative posi- 
tion, resulting in permanent distortion that is difficult 
to remove. 

There are some cases of unbalanced welds on a 
built-up welded member, in which extensive tack 
welding in advance of production welding will pro- 
vide more stiffness to resist distortion. However, 
more often than not, in a large structure, it is desir- 
able to permit weld shrinkage to occur with a rea- 
sonable amount of freedom, and not to carry the 
fitting and tacking much ahead of the welding. 


OBJECTIVE OF THE WELDING SEQUENCE 


The term “welding sequence” will be used in the 
manner that is customary in most shipyards, to de- 
note the progressive order in which the various 
seams, butts and lengths of fillet welds are made, 
rather than to denote the order of depositing the va- 
rious layers of a weld or the various increments 
along the length of a weld, as when back-stepping or 
wandering technique is employed. 

One of the main objectives of such a welding se- 
quence is to avoid excessive restraint against weld 
shrinkage that might result in buckling of plating or 
the structure otherwise being pulled out of proper 
shape, dimensions or alignment. In extreme cases, 
excessive restraint, together with other factors, can 
result in cracking. A further objective is to keep the 
deposition of welding properly balanced so that in- 
evitable shrinkage forces and their bending moments 
will not bend or bow a structure or its parts and 
result in an unfair structure. 

In the welding of subassemblies, the general rule 
followed, as nearly as possible, was to first make all 
the welds that would tend to shrink the subassembly 
in one direction, and then follow with the welds that 
would tend to shrink it in the other direction, weld- 
ing the butts ahead of the seams, especially when the 
butts were staggered. Sometimes the subassembly 
was divided up into two parts and the procedure just 
described was applied to each of those parts before 
they were joined together—for example, the case of 
welding stiffeners or deck beams and intercostal 


headers to plating in which there were butts and 

In the case of the inner-bottom subassemblies the 
butt welds in the plating were all completed before 
the cratelike grid or assembly of floors and inter- 
coastals was welded to the plating. Also the latter 
welding was kept behind the making of the vertical 
fillet welds that joined the intercostals to the floors. 
These vertical welds were made by a wandering 
(skip weld) order of deposition. The welding of the 
grid to the tank top was started at the center and was 
carried outward in all directions, keeping this weld- 
ing close behind the fitting and tacking. This was 
done because the shrinkage of this last part of the 
welding tends to cause the plating to contract more 
than the grid. 

In a small subassembly of this kind, its weight 
would probably not be sufficient to prevent its rising 
off the welding floor at the middle, if the grid were 
to be tacked to the plating extensively, in advance 
of the production welding. 

In effect, the sequence for welding these subas- 
semblies was equivalent to dividing the subassembly 
into two parts and welding each part in advance of 
joining the two parts together. 

SHELL PLATE ERECTION AND WELDING 

The shell plate welding sequence is of special im- 
portance because of its influence upon distortion in 
the shell plating, as well as upon the tendency for 
the vessel to rise off of the blocks at bow and stern; 
also its influence upon maintaining the over-all di- 
mensions of the hull. Therefore, this sequence will 
be described in detail. 

The general scheme of the shell plate welding se- 
quence was the conventional one that is used when 
the shell is erected one plate at a time. It involves 
starting at the centerline of the bottom shell amid- 
ship, and welding simultaneously on port and star- 
board sides progressing forward and aft and outward 
or upward, in a “stair-step pattern,” Fig. 4. 

The framing was welded to each plate after that 
plate had been welded to the adjacent plates along 
both edges and along the transverse or vertical butt 
on the end of the plate nearest midships. 

The steps of the shell plate welding sequence are 
listed consecutively in Table 1. The identification 
numbers of the welds and the plates as listed refer 
to the numbers shown in Fig. 4. When the only suffix 
of a weld number is an F or an A, these letters denote 
forward and aft, and the welding is done port and 
starboard at the same time for that weld location. If 
aP or S is also added to the number, it is because the 
welding port and starboard is not done at the same 
time for that weld location, and the letters P and S 
denote port and starboard. 

The shell butts and seams were welded first from 
the inside. They were then back chipped and com- 
pleted from the outside. Each butt or seam was com- 
pletely welded from both inside and outside before 
welding was started on the succeeding butt or seam. 

From this description, the need for close coopera- 
tion between the riggers, fitters and welders is quite 
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evident, as well as the need for cooperation in plan- 
ning the erection sequence and the welding sequence. 

Although the general scheme and pattern of the 
shell plate welding sequence as described is quite 
simple, the determining of the exact order of welding 
the various butts and seams requires a background 
of experience. Judgment must be exercised in de- 
termining the rate of progress forward and aft, with 
respect to the rate of progress outward or upward. 
It is the relation of these rates of progression that 
influence the general vertical profile of the vessel— 
that is, whether there is a tendency for bow and 
stern to rise. If the welding progresses too rapidly 
forward and aft as compared with progression up- 
ward on the side shell, the subsequent welding in the 
upper parts of the side shell will tend to sag the hull. 

In one portion of the shell plate welding, in the 
general vicinity of the deepest part of the stern bar, 
between frames 51 and 60, a small departure had to 
be made from a strictly proper and balanced welding 
sequence. However, this small departure was of little 
consequence with respect to control of shrinkage and 
distortion. 

At this location, the shape of the lower part of the 
hull is so narrow and deep that the inside surfaces 
and the floors or frames would not have been easily 
accessible for welding after the plating had been 
fitted in place on both port and starboard sides. It was 
deemed expedient to depart from the most desirable 
sequence, in order to facilitate the making of sound 
welds. 

For example, it can be seen from steps 2A-P, 3A-P, 
4A-S, 5A and 6A, in this region, that at first, plate 
A-5 was fitted to the keel plate on the port side only, 
and the butt was welded between A-5 and A-4 on the 
port side only, leaving off plate A-5 starboard for 
access to facilitate the fitting and most of the welding 
of the floors to A-5 on the port side. The A-5 plate on 
the starboard side was fitted and welded to the end 
of the A-4 plate, after most of the welding of the 
floors had been done to A-5 on the port side. Follow- 
ing this, the floors were fitted to the A-5 starboard 
plate. Next, the A-5-to-keel seams were welded, port 
and starboard at the same time. Finally, the remain- 
der of the welding of the floors was done on the A-5 
plates, port :and starboard, exereising ial. care 
because of the poor accessibility for the welding that 
remained to be done on the floors. 

Later on, the same special sequence was applied in 
fitting and welding the A-6 shell plates and the floors 
or deep frames in way of these A-6 plates. At this 
location, access for welding was even poorer, subse- 
quent to the fitting of the A-6 plates on both port and 
starboard. It was necessary to fit %- x %-in. flat 
backing bars in way of the seams between the half 
round stern bar and the plates A-6 and B-7, port and 
starboard. Likewise the lower 15 in. of the butts be- 
tween A-5 and A-6 plates, port and starboard, were 
fitted with such backing bars to assure sound welds. 

Special care was exercised in making those welds 
for which it was impossible to improve the accessi- 
bility. 
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All butts and seams in the deck plating were fully 
welded in advance of the welding of parts of the su- 
per structure to the deck. The plating of the main 
deck and the forecastle deck was erected for the most 
part as subassemblies, and the erection welding to 
join the subassemblies together was comparatively 
simple. All deck butts were welded in advance of 
welding the deck to the side shell. 


SUPERSTRUCTURE ERECTION AND WELDING 

The erection welding of the superstructure was 
started on the centerline of the vessel near midships 
at the front of the machinery casing, frame 3014, and 
it progressed forward and aft and outboard, port and 
starboard; frem ‘that’ point: Interior’ bulkheads were 
erected, fitted and welded together and then welded 
to the main deck in advance of their being fitted and 
welded to exterior bulkheads. 

The fitting and welding of the exterior bulkheads 
were started at the middle sections of house sides and 
this work progressed forward and aft, and simul- 
taneously on the port and starboard sides. 

During the progression forward and aft, the tops 
of the bulkheads were welded to the boat deck beams 
as they were encountered but the welding together 
of the framing of the boat deck was kept in advance 
of the welding of the boat deck to the bulkheads be- 
low. As has been mentioned the boat deck and the 
pilot-house top are of plywood laid on steel beams. 
The welding of the tops of exterior bulkheads to the 
longitudinal tie plates of the boat deck was carried 
along abreast of the welding of these exterior bulk- 
heads to the main deck. 

Cutouts for doors and windows in any bulkhead 
were not made until all the boundaries of that bulk- 
head had been completely welded. All square corners 
of cutouts were rounded by drilling holes at the cor- 
ners in advance of making the cutouts. Where these 
cutouts were made by oxygen cutting, the cuts were 
interrupted at intervals not greater than 24 in., leav- 
ing short tie-in portions that were left uncut until 
the plating had cooled to ambient temperature. 

The vessel was “launched” on Sept. 30, 1954 when 
she was picked up by two 50-ton gantry cranes which 
transported her some 600 ft and set her down in the 
water. 

At the outfitting dock, the plywood-boat deck -and 
pilot-house top were installed. Other outfitting op- 
erations, such as joiner work, installing of insulation 
and completion of work on machinery, were per- 
formed in much the same manner as for large ship 
construction. The vessel was completed for delivery 
on Jan. 19, 1955. 

The weight of fabricated steel in the vessel is about 
67 tons. Approximately 2500 Ib of electrodes were 
used for the welding, which consisted of some 3600 
linear feet of butt welds and about 18,800 linear feet 
of fillet welds. 

More detailed information on some of the features 
of design and construction that are not particularly 
related to welding are given in the April 1955 issue 
of Marine Engineering, pp. 50-55, under the title 
“Rhonda III, New High in Yacht Design.” 
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General Welding Notes 

1. In general, all welding shall progress on 
the port and starboard sides simul- 
taneously unless specifically noted 
otherwise. 

2. (a) Use the wandering sequence (skip 
weld) method for all welding, whether 
intermittent or continuous. (b) Maxi- 
mum length of weld bead increment de- 
posited in making a continuous weld 
shall not exceed 5 in. in length. The 
spacing between consecutive incre- 
ments shall be approximately 18 in. 

3. When welding tee joints, welding shall 
be kept symmetrical about the stem of 
the tee in so far as is practicable. 

4. The sequence for fitting shall conform 
closely to that shown for the welding 
(see Fig, 4). 


TaBLE I—Shell Welding Sequence for Yacht RhondallIlI 


5. The fitting and any necessary tack weld- 
ing shall progress not more than a rea- 
sonable distance in advance of the weld- 
ing. 

6. Shell plates shall be securely fastened to 
the floors, frames, etc., by clamps, dogs 
and wedges, or other devices in such a 
way that the plates will be free to move 
with welding shrinkage when welding 
butts and seams, thus eliminating any 
condition that would produce distortion. 

Procedure Aft (see Fig. 4) 

Note: All steps include work on both port 
and starboard at same time except as 
noted otherwise. 

1. Weld seam A4 to FK. 
Fit floors to A4. 
Fit A5 to FK port side only at this 


time, leaving off A5 starboard for 
access. 

Weld butt A5 to A4 port side only. 

Fit floors to A5 port only. 

Weld floors 51 through 56 to A5 port 
side only. 

Fit A5 to FK starboard side. 

Weld butt A5 to A4 starboard. 

Fit floors to A5 starboard. 


. Weld seams A5 to FK port and star- 


board. 
Complete all remaining welding of 
floors to A5 port and starboard. 
Weld seam B4 to A4. 
Fit floors and keelson to B4. 


. Weld floors to A4. 
. Weld seam C4 to B4. 


Fit floors to C4. 


. Weld floors, keelson and BH* to B4. 


' 


11A. Weld butt B5 to B4. 
12A. Weld seam B5 to A5. 

Fit floors and keelson to B5. 
13A. Weld seam D4 to C4. 


Fit floors to D4. 

14A. Weld floors and keelson to C4. 

Note: Provide %- x %-in. flat bar backing, 
in way of seam A6 and B7 to half 
round stern bar pipe, from frame 57 
to 61, port and starboard. Then fit A6 
on port only at this time, leaving off 
A6 starboard for access for welding. 
Fit flat bars ¥% x % x 15 in, on after 
ends of A5, in way of butts A6 to A5 
in way of butts A6 to A5 to extend 
from flat keel upward 15 in. 

15A. Weld butt A6 to A5 port only. 

16A. Fit and weld floors to A6 port only. 

*BH=Bulkhead 
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. Weld butt AG to A5 starboard side. 


Weld seams A6 to FK and half round 
stern bar pipe, port and starboard. 


. Fit and weld floors to A6 starboard 


side. 


. Weld seam E4 to D4. 


Fit tank top, stringer, frames and BH 
52 to E4. 


. Weld tank top to shell and floors to 


D4 starting on tank top at Frame 
35% and carrying floor welds clear 
up to tank top (catching floors as 
they are reached during welding of 
tank top). 

Weld butt C5 to C4. 


. Weld seam C5 to B5. 


Fit keelson and floors to C5. 
Weld keelson and floors to B5. 


. Weld butt B6-B5. 
. Weld seam B6 to A6. 


Fit keelson and floors to B6. 


. Weld butt B7 to A6 and B6. 
. Weld seam B7 to half round stern 


bar pipe. 


. Weld seam F4 to E4. 


Fit stringer, frames and BH 42 to F4. 


. Weld stringer, frames and BH 42 to 


E4 


. Weld butt D5 to D4, 
. Weld seam D5 to C5. 


Fit frames to D5. 

Weld keelson and frame to C5. 
Weld seam G4 to F4. 

Fit frames to D5. 


. Weld seam G4 to F4. 


Fit frames, BH and main deck to G4. 


. Weld butt E5 to E4. 
. Weld seam E5 to D5. 


Fit frames and stringer to E5. 


. Weld frames to D5. 
. Weld butt C6-C5. 
. Weld seam C6 to B6 and B7. 


Fit floors, keelson and BH to C6. 


. Weld floors, stringer and BH 62 to B6 


and B7. 


60A. 


Weld butt F5 to F4. 

Weld seam F5 to E5. 

Fit frames and stringer to F5. 
Weld frames and stringer to. E5. 


. Weld butt D6 to D5. 
. Weld seam D6 to C6, 


Fit frames, BH and keelson to D6. 
Weld frames, BH and keelson to C6. 
Weld butt G5 to G4. 

Weld seam G5 to F5. 

Fit frames and main deck to G5. 


. Weld frames and stringer to F5 and 


to G5. 
Weld butt E6 to E5. 


. Weld seam E6 to D6. 


Fit frames, BH and keelson to E6. 


. Weld frames, BH and keelson to D6. 


Weld butt F6 to F5. 


. Weld seam F6 to E6. 


Fit frames BH, tank top, stringer and 
bracket to F6. 

Weld frames and BH to E6. 

Weld butt G6 to G5. 


. Weld seam G6 to F6. 


Fit frames BH and main deck to G6. 


. Weld frames, BH, tank top, stringer 


and bracket to F6 and then weld 
frames BH, and main deck to G6. 
Weld transom to shell. 


Procedure Forward (see Fig. 9) 


oF. 
3F. 


4F. 
SF. 


Weld butt A3 to 
Weld seam A3 to FK, 
Fit floors to A3. 
Weld butt A2 to A3. 
Weld seam A2 to FK. 
Fit floors to A2. 
Weld butt B3 to B4. 
Weld seam B3 to A3. 
Fit floors to B3. 

Weld floors to A3. 
Weld butt C3 to C4. 


. Weld seam C3 to B3. 


Fit floors to C3. 


. Weld keelson, floor; and BH to B3. 


Weld butt B2 to B3. 


13F. 


14F. 
15F. 
16F. 


17F. 
18F. 
19F. 
20F. 
21F. 
22F. 


23F. 


Weld seam B2 to A2. 

Fit floors to B2. 

Weld floors and BH to A2. 

Weld butt D3 to D4. 

Weld seam D3 to C3. 

Fit floors to’ D3. 

Weld keelson floors and BH to C3. 

Weld butt Al to A2. 

Weld seam Al to FK. 

Fit and weld floors to Al. 

Weld butt E3 to E4. 

Weld seam E3 to D3. 

Fit frames to E3. 

Weld tank top to shell and floors and 
BH to D3, carrying floor welds 
clear up to the tank top as encoun- 
tered while welding tank top. 


. Weld butt C2-C3. 
. Weld seam C2-B2. 


Fit frames and BH to C2. 


. Weld keelson and floors to B2. 
. Weld butt F3 to F4. 
. Weld seams F3 to E3. 


Fit stringer, frames and BH to F3. 


. Weld stringer, frames and BH to E3. 
. Weld butt B1 to B2. 

. Weld seam’ B1 to Al. 

. Fit and weld frames and BH to Bl 


and then B1 to stem. 


. Weld butt G3 to G4. 


Weld seam G3 to F3. 
Fit main deck, frames and BH to G3. 


. Weld stringer, frames and BH to F3 


and then weld main deck, frames 
and BH to G3. 


. Weld butt D2 to D3. ~ 
. Weld seam D2 to C2.° © 


Fit stringer, frames and BH to D2. 


. Weld frames and BH to C2. 
. Weld butt E2 to D3. 
. Weld seam E2 to D2. 


Fit stringer, frames and BH to E2. 


. Weld stringer, frames and BH to D2. 


Weld butt C1 to C2. 


. Weld seam Cl to Bl. 


65F. 


66F. 


Fit and weld frames and BH to Cl 
and then Cl to stem. 


. Weld butt F2 to F3. 


Weld seam F2 to E2. 
Fit stringer, frames and BH to F2. 
Weld stringer, frames and BH to E2. 


. Weld butt D1 to D2. 
. Weld seam D1 to Cl. 


Fit stringer, frames, BH and breast 
hook to D1. 


. Weld butt G2 to G3. 
. Weld seam G2 to F2. 


Fit main deck, stringer, frames and 
BH to G2. 


. Weld stringer frames and BH to F2,° 


and then weld main deck, frames 
and BH to G2. 


. Weld butt El to E2. 
. Weld seam El to D1, 


Fit frames and BH to El. 


. Weld stringer, frames, BH and breast 


hook to D1, and then D1 to stem. 


. Weld butt F1 to F2. 
. Weld seam F1 to El. 


Fit stringer, frames and BH to F1. 


. Weld frames and BH to El. 
. Weld butt G1 to G2. 
. Weld seam Gi to F1. 


Fit frames and BH to G1. 


. Weld frames, stringer and BH to F1. 
. Weld butt H1 to Bwk. 1. 
. Weld seam H1 to Gl. Begin welding 


at mid-length and progress fwd. 
and aft. 
Fit fo’csle deck, frames and BH to H1. 


. Weld frames and BH to G1, and then 


weld fo’csle deck, frames and BH 
to H1. 

Weld vertical butt to join stem plate 
BW-1 to shell plating and weld 
also to breast hooks and fo’csle 
deck. 

Weld short horizontal seam between 
bottom of BW-1 and D1. 
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“AGENDA FOR TESTING A MARINE BOILER” 


has worked with boilers and automatic combustion controls on naval vessels 
for the past five years and has served for two years in teaching boilers and con- 
trols at the US Naval Schools, Boilermen. He recently completed twenty-eight 
months as Boiler Officer aboard the USS Northampton (CLC1) and is presently 
Boiler Officer on the USS Forrestal (CVA59). Schirmer is preparing a book on 
Automatic Combustion Controls which he hopes to have completed in another 
year. Mr. Schirmer has contributed previous articles to the JOURNAL. 


‘ao AGENDA for testing a prototype marine boiler is 
just as important to the overall picture of economy 
and efficiency of a vessel, as all other phases placed 
together. It is obvious that without its boiler, a ship 
is a useless hulk; therefore, the testing of the proto- 
type boiler must be accurate and complete, producing 
enough evidence to assure the manufacturer, and of 
greater importance the consumer, that this boiler will 
do the job expected of it. 

The “prototype” of a boiler is attually the first in a 
class which is especially designed for a certain class of 
ship and designed to produce enough steam to run the 
engineering plant designed for installation in that 
class of ship. 

After the designers arrive at their desires for a 
marine power plant, one of the first things considered 
is the boiler. Bids are invited from the various boiler 
manufacturers for a “prototype” boiler for this par- 
ticular class of ship. It is to be noted here that the pro- 
totype boiler is not always the same boiler that will 
eventually find itself installed in the ship, for during 
the tests ( changes and recommendations are usually 
born, and these upon approval are installed in the 
first boi'er installed in the ship. The prototype boiler 
is actually the guinea pig for test. However, the ma- 
jority of changes and recommendations are usually of 
minor nature and to the average eye, there is very 
little difference in physical appearance between the 
prototype boiler and the boiler that is eventually 
installed. 

The testing of the prototype boiler is a laboratory 
test, to make certain that the boiler meets all of the 
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design requirements. The US Naval Boiler and Tur- 
bine Laboratory at Philadelphia is the activity which 
tests prototype boilers for the US Navy. This sprawl- 
ing layout is ideally equipped for testing boilers, and 
has ample shop and laboratory facilities to meet the 
average test requirements. At some phases of the test, 
when special data may be required, the Engineering 
Experiment Station is called in to assist. 

The Boiler Laboratory is equipped with huge bays, 
where the complete boiler is erected and made ready 
to steam. Steam generated by the prototype boiler is 
used to run assorted pumps and turbines at the lab- 
oratory and is condensed in huge condensers and 
teken back into the feed system. At the laboratory 
during such a test, everything needed to be known for 
the test can be either measured or calculated. Fuel 
and feedwater can be either weighed or metered; the 
calorific value of the steam can be measured; amount 
of steam evaporated can be measured; proper sprayer 
plates and sprayer plate spray angle can be deter- 
mined; feed water can be tested for alkalinity, salini- 
ty, hardness, oxygen; fuel is tested for fire point, flash 
point, specific gravity, moisture and sediment con- 
tent, ash content. Suitable types of automatic com- 
bustion controls are available for installation on the 
boiler. Safety valves, seot blowers, burners and reg- 
isters, flame failure alarms, high-low water alarms, 
superheat temperature alarms can readily be tested 
along with the boiler by use of the laboratory’s 
equipment. 

During the testing of the prototype boiler, the 
boiler manufa¢turers along with the manufacturers 
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of equipment which is associated with the boiler 
work in close harmony and cooperation and rarely 
miss the target date for completion of a particular 
test. 

Once the prototype boiler has been tested and 
approved it can be installed in the ship or returned 
to the boiler manufacturer. Usually it is installed in 
the ship. 

After the boiler is installed, there remain a few 
tests to be conducted under various service operating 
conditions at sea. These tests are supervised by the 
Navy’s Board of Inspection and Survey and consist 
of the following: 

a. Full power test of 4 hours duration 

b. 120 per cent boiler overload test of 2 hours dura- 

tion 

c. Operation of the soot blowers 

d. Lifting safety valves by steam; measuring the 

popping and reseating pressures and the amount 
of blowback. Any condition of valve simmering 
is eliminated. (Normally accomplished after 
trials) 

e. Boiler and casing tightness 

f. Burner performance 

g. Superheaters and thermal alarms 

h. Hi-lo water alarms 

i. Flame failure alarms 

j. Smoke indicators (trace smoke is permissable 

except in wartime) 

k. Automatic combustion controls if installed. 

The primary test object is to determine if the boiler 
is suitable for use aboard BLANK ship, and if it com- 
plies with the stipulations of the purchase order. 

Secondary test objectives are as follows: 

1. Information of value for future designs 

2. Required modifications, if any 

3. Best operating conditions while raising steam; 
steaming steadily at various speeds; maneuvering 
and securing both under manual and automatic 
control 

4. Performance curves for information of operating 
personnel 

5. Circulation characteristics 

6. Gas temperatures, before, within and after the 
superheater. 

With clear and concise test agenda, future tests can 
be handled more easily and more quickly by parallel- 
ing certain factors obtained from previous tests and 
eliminating the needless and the mistakes proven by 
these previous tests. So in the sense of economy and 
efficiency, it is quite evident that a proper test agenda 
is a most important factor in the overall picture. 

Let us prepare a simple test agenda for a marine 
boiler It is to be understood that the calculations are 
approximate; the points desired are hypothetical and 
the test runs and sequences are suggestive. 

Our test boiler is right-handed; air-encased; nat- 
ural circulation; single furnace; integral super- 
heaters; extended surface economizer; water cooled 
side and rear furnace walls; submerged conductive- 
type desuperheater and is equipped with automatic 
combustion controls embodying provisions for man- 
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ual operation of the individual boiler components 
should there be a failure of the control system. 

We start by setting down some hypothetical princi- 
pal particulars and performance requirements: 
a. Heating Surface-square feet 


6900 
Beonominer Surface 6990 
Superheater Surface ................... 1200 
Total Boiler Heating Surface ........... 15290 
Radiant Heat Absorbing Surface........ 380 
Fireside Row Tubes. 144 
b. Design Pressures 
Casing-inches of water 
c. Design Particulars 
Furnace volume-cubic feet .......... 900 
Furnace depth-feet & inches ........ 8 foot 4 inches 
Numbers Warmers ... 5 


d. Anticipated Performance 


20 Knots 120 percent 
Cruising Full Power Full Power 


Total Actual Evaporation lbs/hr ..100,000 260,000 305,000 


Superheated Steam-lbs/hr ........ 98,000 255,000 299,000 
Desuperheated steam-lbs/hr ..... 1,900 4,950 5,989 
Steam drum pressure-psig ....... 625 656 
Superheater Outlet-psig .......... 550 550 550 
Superheater drop-psig ............ 50 max 
Superheater temp. F .............. 750 750 800 max 
Superheater temp. tolerance plus 25 deg., minus 0 deg. F 
Economizer Inlet temp. F .......... 240 240 240 
Economizer Outlet temp. F ........ 375 
Economizer drop-psi ............. 50 
Total Equivalent Evaporation 

Fuel Rate-Ibs/hr 19,950 24,970 
Anticipated Efficiency ............ 80.6% 
Stack Temperature F ............ 500 max 
Casing Inlet Air Temperature .... 68 68 
Total Air Flow-lbs/hr. x 10° ...... 340 490 
Cubic Feet Air/lb Oil ............ 230 250 
Draft Losses—Inches of water 

Boiler & Superheater ............ 13.2 23.1 

Firing Rates 

KB/saft RHAS/br ............. 900 1125 

KB/sqft THS/hr ............... 23.65 29.67 

393 489 
Desuperheater performance 

Design capacity-Ibs/hr ......... 21,000 

Steam pressure drop-psi ........ 50 

Steam pressure outlet-psi ....... 490 

Steam temperature outlet ....... 400 F 

Steam temperature inlet ........ 800 
Requirements: 


The installation must be capable of satisfactory 
operation under steady steaming conditions and 
maneuvering conditions from a port load up to and 
including 120 per cent full power. The boiler should 
operate with a minimum of smoke under all condi- 
tions including lighting-off. 
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Steam from the steam drum shall have a solids 
concentration not greater than 5 ppm when boiler is 
steaming at overload with drum water approximately 
4 inches above design level, and the boiler having 600 
ppm minimum chloride concentration and not less 
than 1250 ppm total solids concentration. 

For the 20 knot cruising condition, the superheater 
shall be capable of heating 100,000 pounds of steam 
per hour to 750° F. when the economizer feedwater 
temperature is 240° F. 

The submerged desuperheater in the steam drum 
shall be capable of furnishing the required steam for 
auxiliary use. 

Aggregate capacity of all safety valves including 
drum valves, based on the pressure specified below, 
shall not be less than the evaporative capacity of the 
boiler at full power steaming (305,000 Ibs/hr). Su- 
perheater outlet safety valve capacity shall be not 
less than 25 rer cent nor more than 30 per cent of the 
boiler full power evaporative capacity. The drum 
pilot valve capacity shall be as small as practicable. 
Each drum valve and the superheater valve shall 
have a capacity tolerance of minus 0, plus 6000 Ibs/hr; 
that of the pilot actuator shall be minus 0, plus 3000 
lbs/hr; capacities of drum valves shall be based upon 
5 per cent accumulation above their own popping 
pressures; the capacities of the pilot actuator and the 
pilot actuated superheater valve shall be based upon 
the popping pressure of the pilot actuator with ac- 
cumulation. The Safety valve popping pressures shall 
be as follows: 


Set Drum Pressure 
Valve (psig) 


The wet weight of one boiler, excluding feedwater 
regulator, combustion controls and feed valves will 
be approximately 195,000 lbs. 

The automatic combustion control system shall 
maintain a constant steam pressure in the main steam 
line with a variation not to exceed 5 per cent during 
steady steaming conditions. It shall be capable of 
automatically maintaining nearly smokeless combus- 
tion with a minimum of excess air over the steaming 
range of 5 per cent to 120 per cent of full power ca- 
pacity. Normal maneuvering range shall not exceed 
15 to 1. Manual adjustment to maintain optimum 
excess air during steady steaming and to provide suf- 
ficient air for maneuvering and soot blowing is per- 
mitted if burners are to be cut in and out, it is desired 
that this be accomplished manually. 

Feedwater regulation shall be accomplished with 
a three element regulator. 

Total dry weight of boiler shall be determined by 
weighing component parts during erection. Weights 
of water required to fill the various portions of the 
boiler wil be determined and corrected to the tem- 
perature corresponding to steam drum working pres- 
sure and average economizer conditions at full 


power; from those weights each of the following will 

be computed: 

a. Capacity in gallons from inlet flange of economizer to 

check valve at steam drum 

b. Capacity as in (a) plus boiler to bottom of visible portion 

of gage glass. 

c. Capacity as in (a) plus boiler to steaming level (center- 
line of drum) 

d. Capacity as in (a) plus boiler to air cocks 

e. Capacity as in (d) plus piping and superheater to super- 

heater outlet flange. 


Prior to boiler operation, casing strength and leak- 
age tests will be conducted and hydrostatics applied 
to pressure parts. Casing strength will be tested at 
150” w.g. between casings with the furnace at atmos- 
pheric pressure. Combined inner and outer casing 
leakages will be determined, with furnace at atmos- 
pheric pressure, and at air pressures between the 
casing to at least 70” w.g. Outer casing leakage will 
be determined with equal pressures between casing 
and in furnace to 70” w.g. maximum. 

All pressure parts will be hydrostatically tested to 
125 per cent of boiler design pressure, except the de- 
superheater which shall be tested at 250 psig. 

The boiler will be boiled out using one small sized 
sprayer plate then increasing firing rate and rotating 
the burners in use. Soot blowers will be set in ac- 
cordance with manufacturer’s instructions and soot 
blowers will be adjusted for proper blowing arc and 
maintenance of design head pressure while blowing. 


Test Operating Runs: 
Operating runs will be as follows: 


Series I Slow advance to full power and to 120 per cent of 
full power, determining optimum sprayer plates and 
moisture carryover. 

Series II Evaporative efficiency. 

Series III Verification of: capacity of boiler and accessories to 
operate satisfactorily under all normal or abnormal ex- 
pected conditions; desuperheater performance. 

Series IV Adjustment and calibration of automatic controls, 
and the determining of satisfactory installation of the con- 
trols under all steaming conditions. 

Series V Performance characteristics of boiler and automatic 
controls under simulated casualty conditions. 

Series VI End-point tests, determining temperatures and ve- 
locities at selected locations in the gas path, such as fur- 
nace exit, superheater cavity, leaving superheater and: 
main boiler bank. 


Operating Runs will be conducted under the fol- 
lowing specific conditions: 


Series I Demonstrate operability of boiler and accessories at. 
steaming rates to and including overload; ascertain opti- 
mum sprayer plates; firing procedures; boiler and super- 
heater characteristcs; determine whether moisture re- 
quirements are met. 
Using uncontaminated water at design steaming level 
(drum centerline) with superheater outlet at 550, de- 
superheater in operation, steadily increase load until full . 
power is reached or excessive carryover occurs. If 120 per 
cent rate is attained without moisture carryover when 
using uncontaminated water, chlorinity and total solids 
will be increased until concentrations of 600 and 1250 ppm 
respectively are reached. If 5 ppm solids carryover is not 
exceeded with water 4” above water level, under that con- 
dition of contamination, moisture requirements will be 
considered met. Water levels will be varied from 4” above 
to 4” below design height. Should carry over exceed the 
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5 ppm maximum during either contaminated or uncon- 
taminated runs, steam baffling modifications will have to 
be made. 

Optimum wide range sprayer plates, oil pressures, num- 
ber and arrangement of burners for steaming rates will 
be determined. The method of controlling firing rate re- 
quires operator control return oil pressure over a range 
to furnish a variable differential over the sprayer plate 
firing rate range. 


Series II Determine evaporative efficiencies at comparable 


operating conditions. Sprayer plate data determined dur- 
ing Series I runs will be used for this run. 


Series III Minimum firing rates and operating pressures at 


trace smoke, using burner data from Series I. A run at 
120 per cent of overload to verify maximum casing inlet 
pressure and draft loss when using 250 cu.ft. of air/Ib. oil. 
Maneuvering will be conducted using burner data from 
Series I. Rates through the entire range will be established. 
Starting with a cold boiler, steam will be raised as fast as 
practicable without exceeding the maximum gas tempera- 
ture before the superheater prior to forming steam or 800 
F total steam temperature. 


Series IV Determine automatic control system performance 


386 


while operating under steady steaming conditions and 
maneuvering; establishing a comparison between overall 
boiler performance attained under automatic control ver- 
sus that under manual operation. Calibrate and adjust 
the controls for optimum air-fuel regulation over the 
entire firing range from 5 to 120 per cent full power. The 
optimum operating range (15 to 1) possible without cut- 
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ting burners in or out will be determined. If burners are 
to be cut, the best method will be determined. 

Series V For information of the operating personnel, proce- 
dures for changing from and to local manual, remote 
manual and automatic control will be determined for 
normal and emergency operation. In addition, the mini- 
mum position for the forced draft blower throttle will be 
determined. Sufficient runs will be made to determine 
boiler performance under automatic controls. Maneuver 
the boiler as rapidly as possible and acceleration rates 
limitations will be established over the 5 to 120 per cent 
range. Failure of the air or electrical power supply and 
that to individual control units will be simulated to evalu- 
ate their effects and control performances in protecting 
the boiler under such conditions. 

Series VI Determine boiler end-point and data to obtain heat 
transfer curve. End point runs will be made to determine 
maximum steaming rate without excessive solids carry- 
over, without exceeding maximum casing pressures or 
safe circulation ratios. Operate the boiler slowly above 
normal overload, examining each unit after each incre- 
ment, 


The boiler will be thoroughly inspected after each 
series of runs. 

In conclusion, it is felt that if the engineer follows 
the above pattern for boiler testing, he will obtain 
sufficient and accurate data to properly evaluate the 
boiler and make his final recommendations with au- 
thority and the feeling of a well accomplished job. 


See 
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THE OIL ENGINE AND GAS TURBINE 


GAS TURBINES AND POWER FROM 
THE NUCLEAR REACTOR 


ya steadily rising cost of coal and 
oil, and the increasing difficulty in 
mining coal present a considerable 
economic problem to an industrial- 
ized society. The United Kingdom is 
particularly concerned with this sit- 
uation, as alternative sources of pow- 
er such as hydro-electric schemes, 
solar energy cells, ete. are either 
fully exploited or potentially unat- 
tractive. The development of nuclear 
reactors has changed the situation 
dramatically, and the U.K. can look 
forward to a period when the quan- 
tity of power will present no difficul- 
ties, and cost will be comparable 
with or cheaper than today. 

Due to its high capital cost, the 
reactor power station will, in this 
country be used as a base-load sup- 
ply, although in certain countries 
such as India, which has still vast 
untapped sources of hydro-electric 
power, nuclear power will be of 
greatest value in supplying small 
isolated communities with limited 
quantities. It is improbable that nu- 
clear power will be able to compete 
for some years in small-scale plants 
with conventional installations— no- 
tably oil engines—except where fuel 
transport costs form a major propor- 
tion of the total outgoings. For trans- 
portable military power plants, its 
independence is a great advantage. 
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NUCLEAR FUEL 

In Britain the choice of fuel for the 
next few years will be limited to 
natural uranium or slightly enriched 
uranium. Subsequently, highly en- 
riched uranium, plutonium and ura- 
nium 233 will be available and may 
be used pure or mixed with natural 
uranium and thorium. It is significant 
that although stocks of enriched 
uranium must be considerably less 
than those in the U.S.A. as their 
plant has been operating since 1943, 
an experimental fast reactor is al- 
ready in course of construction at 
Dounreay. “Fast” implies no moder- 
ator, the concentration of fissionable 
material being high enough for use 
with fast neutrons. 

Moderators for thermal reactors 
will be either graphite, heavy or light 
water. Graphite is relatively inex- 
pensive, and can be machined con- 
veniently. Its cross-section is small 
and it was chosen as the moderator 
for the first two experimental reac- 
tors at Harwell and for the two power 
reactors being constructed at Calder 
Hall. It is not as efficient a moderator 
as water, and therefore tends to 
make the reactor massive. It is par- 
ticularly suitable for large medium- 
temperature reactors. The chief ob- 
jection to heavy water is its high cost. 
As has been said, it is an efficient 


moderator and lends itself to a com- 
pact high flux reactor. No other cool- 
ing agent is required. E-443 in the 
course of construction at Harwell has 
been designed for production of ra- 
dioisotopes and for materials testing. 
It is heavy water moderated. Light 
water, though admittedly cheap, has 
a significant cross-section for therm- 
al neutrons and is only useful in con- 
junction with enriched uranium. It 
suffers from the further disadvan- 
tage that the moderating effect may 
be less significant than its absorption 
effect, and a reactor using light wa- 
ter may not be “inherently safe.” 
Nevertheless, it is a popular modera- 
tor for small research and experi- 
mental reactors and may be used for 
small power reactors. 

The cooling and transfer of heat 
from water-moderated reactors pre- 
sents few difficulties. The operating 
temperatures are limited and power 
will be generated via a heat ex- 
changer and steam turbine. The 
graphite moderated reactor can be 
liquid, vapor or gas cooled. As with 
the moderator, the coolant must 
have a low cross-section to thermal 
neutrons, and must not react chem- 
ically with fuel elements or con- 
structional materials. Air, carbon 
dioxide and helium are suitable 
gases. The first two are inexpensive 
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Figure 1. Steam cycle. 


and readily available. A recycling 
system is not essential with air, al- 
though filters are necessary to arrest 
radioactive dust and escaping fission 
products. 

SINGLE-FLUID CYCLE 

Bepo at Harwell is open cycle and 
air cooled, while the two reactors at 
Calder Hall are recycled carbon di- 
oxide cooled. At Harwell heat ex- 
changers have been installed in the 
effluent gas for central heating pur- 
poses only, but at Calder Hall the 
secondary coolant will drive steam 
turbines which in turn will drive the 
alternators. (See Fig. 1.) 

It is clear that, as the effluent gas 
of Bepo is exhausted to the atmos- 
phere, it is not impracticable to insert 
the turbine directly into the primary 
coolant stream (Fig. 2). A small con- 
tamination of the turbine will occur, 
but the accumulation of long-lived 
radioisotopes on the turbine blades 
should not be serious. Continuous 
monitoring of the channels circulat- 
ing gas and of the cooling channels 
will be made to keep the gas-borne 
activity to a low level. Traps and fil- 
ters will further assist in this with- 
out causing a serious impedance to 


Figure 2. Cycle with a gas as both 
coolant and working fluid. 
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the flow. The chief handicap at pres- 
ent is the running of the reactor at a 
sufficiently high temperature to 
make a gas turbine system efficient. 
It is usual to “can” the uranium in 
aluminum which by its lightness and 
good conductivity, relative chemical 
inertness, moderate cross-section 
and cheapness provides a reasonable 
compromise of the ideal character- 
istics. Its ductility is also an advan- 
tage in that not only does it remain 
relatively stable under the intense 
bombardment it receives, but also 
will take up limited deformations of 
the uranium. The behavior of ma- 
terials under intense irradiation and 
at high temperatures is one of the 
more closely guarded secrets. It is 
safe to say that an operating temper- 
ature of 200° C. can be accommodat- 
ed and that this figure will rise 
steadily in the next few years. Con- 
siderable experimental work is be- 
ing done on optional canning ma- 
terials. Reports have been made that 
an operational temperature of 600° 
C. should soon be practicable. 

For fast reactors using stationary 
fuel elements the problem of heat re- 
moval is much more acute. Reactor 
cores will be small and the concen- 
tration of heat generation intense. 
Liquids will almost inevitably be 
necessary as cooling agents, and 
liquid metals such as sodium or so- 
dium-potassium alloys are favored. 
Heat exchangers are again almost 
inevitable, although the design of a 
gas turbine with a metallic gas as 
both coolant and working fluid with 
condensation or not cannot be ruled 
out completely. The choice of the 
secondary coolant can be fairly wide, 
although violent chemical affinity be- 
tween primary and secondary cool- 
ant (such as water and sodium) is 
undesirable. As core temperatures 
will tend to be high, it is probable 
that high-efficiency gas turbines will 
be employed. Either closed or open 
systems can be used, but to eliminate 
danger from accidents either to the 
reactor or, more particularly, to the 
heat exchanger a closed system will 
be preferred (Fig. 3). 

Designs of homogeneous reactors 
both thermal and fast are already in 
existence. In the thermal homoge- 
neous reactor, fuel, moderator and 
coolant are contained in one solution 
or slurry. Arguments in favor of a 
homogeneous reactor are that as 
uranium rods must be processed 
periodically to extract the fission 
products and plutonium, this can be 
performed continuously with liquid 
fuel, and heat transfer is highly effi- 
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Figure 3. Cycle with liquid metal as 
reactor coolant, 


cient. The same argument applies to 
fast reactors where the fuel might be 
a slurry of a uranium bismuth com- 
pound in molten bismuth. The sys- 
tem of such a reactor, shown in Fig. 
4, may be similar to that in Fig. 3, 
except that in between the cold end 
of the exchanger and the input to the 
reactor would be installed a separa- 
tion plant. Admittedly this is not en- 
tirely essential as a batch system can 
still be applied, using an additional 
primary coolant. 

Discussion has been limited to 
cases where the total heat generation 
occurs in the reactor itself. There is 
no reason why coal- or oil-fired cells 
should not reheat the primary, or 
preferably secondary, coolant. If cor- 
rosion at high temperatures cannot 
be kept to a low level in the reactor 
such a system may well provide the 
simplest solution to utilizing the high 
efficiency of the gas turbine. Fur- 
thermore, with such a system the 
reactor can be run on a continuous 
loading, and the reheat adjusted to 
accommodate variations in output 
power requirements. Reheat will no 
doubt be more attractive to countries 
with greater reserves of coal and oil; 
but, on the cther hand, the addition 
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Figure 4. Cycle for use with a homo- 
geneous fuel and coolant. 
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of reactors may prolong the useful 
life of existing plants. 

Looking into the future is far from 
easy. The first-ever nuclear reactor 
was not completed until December, 
1942, and a bare nine years have 
elapsed since the Atomic Energy 
Research Establishment began. The 
Government White Paper of Febru- 
ary of this year has shown that 
Britain is already committed to a 
growing nuclear power program; and 
industry is being encouraged not 
only to implement the ideas of the 
United Kingdom Atomic Energy 
Authority but, in addition, to develop 
its own designs. The Geneva confer- 
ence also provided an impetus to 
plant manufacturers, underlining the 
international and competitive as- 
pects. The fusion process received 
considerable notoriety with the first 
hydrogen bomb, and already there 
are rumors that the principles of 
control for a fusion reactor are un- 
derstood. It may be that fission reac- 
tors will still be in their infancy 
when fusion reactors supersede 
them. Nevertheless, ex perience 
gained in the fission field will be of 
valuable assistance in controlling 
and utilizing what is essentially a 
more violent reaction. Whatever the 
future trends, it is certain that ma- 
terials will be developed which will 
withstand increasingly severe con- 
ditions and that operating tempera- 
tures will steadily rise. In view of 
this, it is not unreasonable to expect 
gas turbines to be in use in about 
seven years’ time. 

All present nuclear power stations 
and, so far as is known, those now 
under construction, convert heat 
produced in the fission process into 
electrical energy through the me- 
dium of steam machinery. With 
maximum temperatures available in 
present-day reactors, steam turbine 
plant is undoubtedly the answer be- 
cause it can use these low tempera- 
tures reasonably efficiently. But 
there is considerable incentive to in- 
crease reactor temperatures and 
when materials and techniques have 
been improved to make this possible, 
a case will exist for the use of gas 
turbine machinery instead of its 
steam counterpart. This is on account 
of higher efficiency and easier inte- 
gration with the nuclear side of the 
power station. Applying the gas tur- 
bine in this field involves certain 
problems which have no precedent 
in previous or current technology. 
Although of considerable interest it 
is not possible to deal here with them 
all, but a few of the implications are 
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Figure 5. Proposed closed-cycle diagram for a nuclear power plant. 


presented in connection with a de- 
sign study for a closed-cycle machine 
using helium as the working fluid. 


POSSIBLE CYCLES 

Various cycles are theoretically 
possible for using heat available in 
a reactor and it is by no means clear, 
as yet, which of these will prove the 
most acceptable in a practical power 
station. For the purposes of this ar- 
ticle, however, a cycle basically of 
the type shown in Fig. 5 is dealt with. 

Only basic difference in cycle lay- 
out between an ordinary combustion 
gas turbine and one using nuclear 
fuel is the method in which heat is 
introduced into the working fluid; 
one has a combustion chamber, or air 
heater, the other has a reactor in the 
circuit. 

OPERATORS’ SAFETY 

Owing to the danger of radioactiv- 
ity to personnel and the desirability 
of not shielding the turbo-machin- 
ery, it is necessary to use for the 
working fluid a gas which has a neg- 
ligible “neutron capture cross-sec- 
tion” and which will not itself be- 
come radioactive even though it is 
passing through the core of the reac- 
tor. For practical installations, this 
requirement excludes air. An emi- 
nently suitable gas is helium be- 
cause, in addition to satisfying the 
above requirements, it is inert and 
therefore problems of chemical at- 
tack are absent. It also has good 
heat-transfer qualities. 

Using any gas other than air re- 
stricts the choice of cycle to a closed 
one, but in any case the closed cycle 
is more attractive than the open 
cycle because it allows the use of a 


single circuit in which T maz. can be 
more nearly equal to the maximum 
temperature of the plant. 

The closed cycle is also attractive 
from the standpoint of high efficien- 
cy for a given T maz., as the use of a 
pressurized, clean, isolated working 
fluid permits the practical employ- 
ment of very effective heat ex- 
changers, and also low pressure ra- 
tios for optimum efficiency. 

Assuming that a closed cycle, 
working on helium, is chosen, the 
next important variable about which 
to make a decision is maximum tem- 
perature. It is uncertain at the mo- 
ment whether maximum cycle tem- 
perature will be limited by the gas 
turbine or by the reactor side of the 
plan. For the simple cycle under 
consideration, nothing much can be 
done in the latter case except await 
developments in reactor design. On 
the other hand—perhaps a rather op- 
timistic example—if reactor coolant 
becomes available at a higher tem- 
perature than the turbine can use, 
then a scheme such as that shown in 
Fig. 6 is one method of arranging the 


cycle. 


AAA. 


Figure 6. A method of utilizing reac- 
tor coolant which is at a temperature in 
excess of T max. 
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HELIUM IMPLICATIONS 

Helium has different gas proper- 
ties to air and this affects the design 
of the turbo-machinery. Cp, the spe- 
cific heat at constant pressure, is 
some five times that of air, resulting 
in a proportionately lower tempera- 
ture rise per compressor stage for 
the same blading velocity diagram 
and same enthalpy input per stage. 
This would normally require more 
stages but for the closed cycle under 
consideration the temperature ratio 
would be less than in a comparable 
air cycle, so that the actual number 
of stages would be about the same. 

Sonic velocity in helium is about 
three times that in air, hence Mach 
number restrictions are not present, 
and blade-tip speeds are limited only 
by structural considerations. The 
high heat-transfer coefficient of he- 
lium is advantageous in so far as heat 
exchanger and intercooler perform- 
ance is concerned giving an increase 
of around 5% in effectiveness for the 
same unit using air. 


EFFECT ON MECHANICAL DESIGN 

Mechanical design of the plant is 
also affected in a marked degree 
when helium is used. Because heli- 
um is not ubiquitous like air, sealing 
arrangements must receive special 
attention and leakage be kept to a 
minimum, mainly in view of the cost 
of replacement. For similar reasons 
it is necessary to provide a storage 
system when some of the working 
fluid is removed from the system 
during a load change. This is re- 
ferred to later. 


XENON REMOVAL 
Helium is available commercially 
at a purity of 99.99%, the impurities 
consisting of argon, carbon dioxide 
and nitrogen; but none of these is in 
sufficient quantity to be of any con- 
cern. There is, however, the possi- 


L.P. COMPRESSOR 


H.R COMPRESSOR 


bility of contamination of the system 
by gaseous fission products escaping 
from the reactor fuel elements. Prin- 
cipal volatile radio-active impurity 
of the fision process is xenon, and 
removal of the xenon from the work- 
ing fluid is desirable to reduce the 
activity of the working fluid to an 
acceptable level and avoid the neces- 
sity of extensive shielding. 

Xenon can be removed by solidifi- 
cation in a cold trap. A small per- 
centage of the helium flow (about 
1%) is bled from the main compres- 
sor intercooler outlet, and cooled in 
a heat exchanger (see Fig. 5). The 
xenon will then solidify on the tubes 
of the heat exchanger and the clean 
helium will pass through a turbo- 
expander—incidentally producing a 
small amount of electricity in the 
process— after which it will be at a 
sufficiently low temperature to act as 
a refrigerant to cool the incoming 
contaminated helium in the heat ex- 
changer. From this exchanger it then 
passes to the L.P. compressor inlet. 
Clogging of the exchanger passages 
with xenon and its decay products 
will take place, and eventually the 
unit will have to be replaced or 
cleaned, depending on which is found 
to be economically the best method. 
In any case this is not a major item 
as it only deals with 1% of the gas 
flow and hence is of very small pro- 
portions. For the same reason, loss 
in plant efficiency due to xenon-re- 
moval bleed flow is not high. 


CONTROL SYSTEM 

As in all closed-cycle plants, load 
control is by adjustment of the pres- 
sure level in the circuit in addition 
to regulation of heat input. In the 
case of the helium closed cycle, of 
course, gas not being circulated must 
be stored for future use, instead of 
merely discharging to atmosphere, as 


with the normal air machine. This is 
done by means of an accumulator 
and receiver interconnected by a 
transfer pump and is shown dia- 
grammatically in Fig. 5. Any leakage 
losses are made good by additions of 
helium to the receiver as required. 

Because the reactor will have its 
own temperature control, the only 
type of control needed on the gas 
turbine itself is in regard to pressure 
which is proportional to the load. 
Hence, if the reactor outlet tempera- 
ture is constant at most load condi- 
tions, thermal efficiency will also re- 
main high over most of the range. 
This is illustrated in Fig. 8. 

In connection with emergency 
tripping of the plant, the engine gov- 
ernor will shut down the machinery 
and the control rods will be dropped 
into the reactor thus reducing the 
heat input into the system, but means 
must be provided to circulate the he- 
lium through the system for some 
time after shut down to cool the mass 
of the reactor. 


DESIGN ASSUMPTION 
Gas condition figures given in Fig. 
5 have been calculated, using certain 
design assumptions, the more impor- 
tant of which are shown in Table I: 


TABLE I 
Design Conditions and Assumptions 


Helium maas flow. 220 Ib./sec. 
Total pressure loss...........+++ 1% 
Minimum cycle temperature.... 32°C. 


Heat exchanger effectiveness.... 93% 

Compressor adiabatic efficiency.. 88% 
(each) 

Turbine adiabatic efficiency..... 88.8% 
(each) 

Generator efficiency ............ 97.5% 

Mechanical efficiency .......... 97.5% 


= 


3 
- 


4 


ZZ 


= 
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Figure 7. Section through a proposed turbo-compressor group for use with a gas other than air as the working fluid. Special 
attention has been given to prevention of leakage. 
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Figure 8. Typical efficiency curve for 
a closed-cycle design with load control 
by pressure level. 


Single intercooling was chosen as 
two-stage intercooling would result 
in an increase in cycle efficiency of 
only 2% at the cost of an increase in 
pressure ratio of 16%, and some 
extra complication of the plant. 


The authors of the paper give a fig- 


ure—optimistically—of 760° C. as a 
reactor coolant outlet temperature 
and have taken this figure as the T 
maz. for the turbine. Cycles with re- 
heat were considered, bvt according 
to curves given in the paper little in- 
crease in efficiency was evident and 
in any case a higher pressure ratio 
was needed, and more complication 
inevitable, so that the final cycle ar- 
rived at was as shown in Fig. 5. 

Optimum pressure ratio for this 
cycle worked out at 2.4 to 1, giving a 
pressure ratio for each compressor 
of 1.55 to 1. 

Pressure losses have been assessed 
at 7%, which figure is based on pre- 
vious practice with closed-cycle 
plant. Breakdown of this 7% is given 
below: — 


Per cent 
H.E. (high-pressure side) .... 


Loss for the reactor is about one- 
quarter of that which would be ex- 
perienced in the air heater of a com- 
parable air-cycle machine. 

Compressor inlet temperature is 
based on a cooling water tempera- 
ture of 75° F. 

Heat exchanger effectiveness has 
been taken at 93% which is consid- 
ered a reasonable figure, especially 
in view of the high heat transfer co- 
efficient of helium (the H.E. of the 
2,000-kW. Escher Wyss experimental 
plant had an effectiveness of 94%). 

With these assumptions, cycle 
efficiency works out at 42.4% and 
efficiency at the generator treminals, 
40.4%. 
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“Controllable Pitch Propellers in Ship Propul- 
sion”—R. F. Desel; Bureau of Ships Journal, V. 
4, n. 12, Apr. 1956, pp 2-6. Naval interest in con- 
trollable pitch propellers is due to: application of 
diesel engines to propulsion plants where ship’s 
mission includes towing; use of high-powered 
multi-engine propulsion plants and development 
of gas turbines. Characteristics, elements and 
controls are discussed. Controllable pitch propel- 
ler installations include: 


No. of SHP per 
Vessel Screws Shaft RPM 

2 800 265 

1,200 325 
2 1,200 915 
Abstract 
Number Abstract Title 


30-56 “6 Ways to Prevent Indigestion in Residual- 


Burning Diesels’—Gregory Flynn, Jr.; SAE 
Journal, V. 64, n. 4, Mar. 1956, pp 35-38. Residual 
fuel can be burned in large slow-speed marine 
diesel engines with success because combustion 
is complete, due to slow speed, and operation is at 
full load during greater portion of time. Locomo- 
tive diesels are smaller, operate at higher speeds 
and have longer idle periods, 30-50 percent, than 
marine engines. The residual fuel has a higher 
viscosity and contains more contaminants than 
the distillate. Methods of reducing troubles en- 
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countered with residual fuel burning include: 33-56 “Tomorrow’s Cutting Tools”—American Machin- 


31-56 


32-56 


blending residual with distillate; removing water 
and contaminants by purifiers; heating the fuel 
before it reaches the injector; starting and idling 
on distillate and cruising on residual; using im- 
proved crankcase oil and draining more fre- 
quently; increasing water jacket temperature. 
Photographs show: head and injector tip fouling 
after light load operation on residual fuel of 100 
SSU at 100° F; head and injector tip reiatively 
free of fouling after light load operation on dis- 
tillate fuel of 38 SSU at 100° F. 


“An Ocean-Based Automatic Weather Station”— 
National Bureau of Standards Technical News 
Bulletin, V. 40, n. 3, Mar. 1956, pp 38-39. This 
marine weather station, developed by The Na- 
tional Bureau of Standards, automatically reports 
local weather by radio. It can be anchored in re- 
mote locations and left unattended up to six 
months. The station broadcasts, in code, through- 
out the day, air temperature, water temperature, 
barometric pressure, wind speed and direction. 
The broadcast range is in excess of 800 miles. 


“Industrial Gas-Turbines—Past, Present, and 
Future”—G. R. Fusner; General Electric Review, 
V. 69, n. 2, Mar. 1956, pp 49-53. During the past 
seven years these gas turbines have accumulated 
a total operating time of more than 1,000,000 hours 
or 114 machine years. The present operating 
hours are being increased at about five machine 
years per month. These operating hours have 
been obtained in many services including rail- 
road, petroleum, petrochemical, natural gas 
transmission and electric utilities. Comparative 
monthly costs of gas turbines, steam and diesel in 
freight-train service is: 


Cents per 1000 gross-ton miles 


Gas- 

Diesel Turbine 

Item Steam Electric Electric 
Enginehouse expense ....... 14.89 3.66 2.24 
Other supplies. ........056.060:0 5.65 0.16 0.04 
18.28 18.79 14.22 
Total for same month ....... 130.67 85.78 87.32 


(one year earlier) 


Future applications include: marine propulsion; 
compressed air source for chemical processes; 
mechanical drive for centrifugal pumps in oil 
pipelines; electric utility uses in combination with 
steam plants; drive for boiler feed pumps; loco- 
motive drives; atomic energy. 
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ist, V. 100, n. 6, Mar. 12, 1956, pp 154-174. This is 
a special report on new cutting tools. The report 
is composed of the following series of articles: 
“What We Should Know About Ceramic Tools” 
—E. J. Tangerman. } 
“A Roundup on Tomorrow’s Tool Materials” — 
H. K. Siekman, E. W. Goliber, and K. W. 
Stalker. 
“Czechs Cut Cast Iron With Ceramics”—David 
Scott. 
The new materials, ceramics, nitrides, borides, 
and silicides are presented in detail. Results of 
laboratory and shop tests are given on these ma- 
terials as compared with carbides and high speed 
tool steels. 


“Rare Earth Stainless Steels’—H. O. Bever and 
B. T. Lanphier; Materials & Methods, V. 43, n, 2, 
Feb. 1956, pp 96-98. The alloying of misch-metal 
with stainless steels has provided: new wrought 
alloys with unusual properties; improved me- 
chanical properties in austenitic stainless steels; 
better hot working properties; and also enables 
the producer to conserve nickel. Alloy addition of 
rare earth metals is made by introducing cast 
forms of misch-metal to the molten bath of steel. 
A sulfuric acid resisting steel, carpenter stainless 
No. 20, showed no evidence of attack after 3740 
hours of handling hot sulfuric acid (160° F). 
Type 316 steel failed in this service in four days. 
A new valve steel, 21-12N, has been developed 
with addition of misch-metal to 21-12 steel con- 
taining nitrogen. This steel has superior forging 
properties and is suitable for diesel and gasoline 
engine exhaust valves. Type 310 stainless has 
shown a 25 percent improvement in stress rup- 
ture properties at 100-hour life level by the addi- 
tion of four pounds of misch-metal per ton. The 
misch-metal addition improves forgeability and 
broadens the forging temperature range of many 
standard stainless steels. 


“Marine Reduction Gearing”—A. W. Davis; The 
Engineer, Part I, V. 201, n. 5218, Jan. 27, 1956, pp 
120-123; Part II, V. 201, n. 5219, Feb. 3, 1956, pp 
156-159; Part III, V. 201, n. 5220, Feb. 10, 1956, pp 
200-201. The machining, production and design 
of marine reduction gears are discussed. British 
Standard Specifications relating to hobbing 
equipment and accuracy requirements are men- 
tioned. The production and maintenance of good 
alignment is emphasized. Methods of selecting 
loading and tooth form are shown. Couplings and 
their effects on gear performance are discussed. 
Photographs, tables, curves are included. 


“Naval Construction in 1955”—Raymond V. B. 
Blackman; The Engineer, Part I, V. 201, n. 5215, 
Jan. 6, 1955, pp 25-28; Part II, V. 201, n. 5216, Jan. 
13, 1956, pp 68-72; Part III, V. 201, n. 5217, Jan. 
20, 1956, pp 94-96; Part IV, V. 201, n. 5218, Jan. 27, 
1956, pp 125-127. Construction of naval vessels in 
a number of countries, including the following, is 
reviewed: Great Britain, Australia, Canada, 
Unitted States, Russia, France, Italy, Nether- 
lands, Sweden and Venezuela. British work: was 
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highlighted by completion of the large fleet air- 
craft carrier “Ark Royal”; guided missile ships 
are under consideration; three cruisers, 

over fourteen years ago, are to be completed; a 
number of fast frigates are near completion; 
other work includes submarines, minesweepers, 
patrol craft and seaward defense boats. Austra- 
lia is to get new additions of aircraft carrier, “V” 
class super-destroyers, four new fast anti-sub- 
marine frigates and four “Q” class destroyers. 
Canada has a new carrier, “Bonaventure,” near 
completion and new antisubmarine destroyer es- 
corts. United States construction includes: the 
world’s largest aircraft carrier, “Forrestal”; four 
sister ships of “Forrestal” under construction or 
projected; new super-destroyers; new types of 
ocean escorts; the world’s first atomic powered 
submarine, “Nautilus,” and other atomic pow- 
ered submarines; the world’s first guided missile 
cruiser, “Boston,” and a second vessel under con- 
struction. Russia has under construction eight 
more cruisers of the “Sverdlov” class and nu- 
merous destroyers, and about eighteen large 
ocean-going submarines were completed. 


“Product Design by Digital Computers”—Mar- 
shall Middleton, Jr., Westinghouse Engineer, V. 
16, n. 2, Mar. 1956, pp 39-43. The high speed and 
great storage capacity of the modern digital com- 
puter makes it suitable for complete design of 
many products. Transformers and motors are 
currently designed by digital computers. Trans- 
formers in the range 750 to 20,000 KVA, with basic 
impulse levels up to 350 KV, and induction mo- 
tors in the range 200 to 2,000 hp, at line voltages 
up to 6,900 volts, have been designed by digital 
computers, Computers may be used in the future 
to control production flow of materials in widely 
separated plants, The detailed scheduling of man- 
ufacturing steps, ordering of raw materials, and 
rescheduling of production due to system stop- 
page may be done by the computer of the future. 
The digital computer cannot think. However, it 
removes burdensome tasks from the design en- 
gineer and he is able to spend more time on cre- 
ative work. The computers are helping to 
alleviate the engineer shortage. 


“The Engineer’s Problem”—Philip R. Marvin; 
Machine Design, V. 28, n. 5, Mar. 8, 1956, pp 70-74. 
A discussion of the engineer’s progress and prob- 
lems are presented. The engineer’s goals and 
responsibilities are reviewed. Professional devel- 
opment is essential. It has a primary objective of 
providing the engineer with rewards including 
financial and prestigewise. Professional groups 
like the American Bar Association have stressed 
the development of a higher caliber practitioner 
while union leaders are emphasizing organized 
bargaining power. 


“Small Gas-Cycle Reactor Offers Economic 
Promise”—Farrington Daniels; Nucleonics, V. 14, 
n. 3, Mar. 1956, pp 34-44. The helium cooled re- 
actor, with graphite as moderator and fuel con- 
tainer, and the gas turbine, offer attractive possi- 
bilities for power generation. The design of a 
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5-Mw plant is described. This includes: plant 
layout, reactor, fuel units, control rods, reactor 
cooling, heat exchanger, closed cycle gas turbine, 
operation, safety, fuel reprocessing, recom- 
mendations, and future developments. Develop- 
ment of a molybdenum or tungsten turbine to 
operate with helium at 3,000 or 4,000° F should 
be undertaken. 


“What You Can Do About Metal Fatigue”—Allen 
G. Gray; Steel, V. 138, n. 3, Jan. 16, 1956, pp 68-72. 
The need to reduce size and weight of machine 
parts to save materials and dollars brings metals 
nearer to limits of safe working stresses. Metal 
fatigue accounts for about 80 percent of operating 
failures in machine parts. Fabrication and design 
are the two areas to watch in reducing fatigue 
failures. Methods of fighting fatigue failure are 
presented. A series of preventive measures for 
avoiding fatigue failures in welded steel parts are 
given. Photographs of failed parts, testing ma- 
chines and diagrams are included. 


“Mechanical Seals”’—Steve Elonka; Power, V. 
100, n. 3, Mar. 1956, pp 109-132. The basic operat- 
ing principles of mechanical seals are described 
and illustrated. Mechanical types are divided into 
balanced and unbalanced, and stationary and ro- 
tating seals. Materials, construction, cooling and 
uses are presented. Seal materials are listed for 
water, gasoline, oil, acids, salt solution and caus- 
tics. Photographs, drawings, tables included. 


“ ‘Auris’ Sea-Going Experience over Four Years” 
—The Oil Engine and Gas Turbine, V. XXIII, n. 
272, Feb. 1956, pp 380-382. The Shell tanker 
“Auris” completed in November 1955 four years 
of sea operation with a marine gas turbine as a 
part of her propulsion plant. This gas turbine was 
an 860 KW unit that replaced one of four Diesel 
engines in the electric drive. Total running time 
under load is 17,100 hours with 16,000 hours at 
sea. The vessel traveled some 160,000 miles. Rou- 
tine operation and maintenance were simple. At 
sea, soot blowing of the heat exchanger was done 
every 24 hours and required 10 minutes. Time 
spent on maintenance in port was considerably 
less than on the Diesel and was only a fraction 
of that needed for a steam plant. Only one oil 
change was made during the four year period. 
Compressor washing with fresh water and Tee- 
pol removed salt deposits from compressor blades. 
This vessel is to have an entirely new propulsion 
plant installed. It will be a 5,500 shp gas turbine 
with mechanical drive. Photographs and refer- 
ences. 


“A Review of Deck Auxiliaries Supplied to Ves- 
sels with A. C. Supply”’—A. Sidney Brown; The 
Institute of Marine Engineers Transactions, V. 
LXVIII, n. 1, Jan. 1956, pp 1-30. This review de- 
scribes and discusses some of the operations of 
the following auxiliaries: 

1. Winches: special motor generator set, Ward 
Leonard controls, “group drive,” “M * 
cargo winch, Westinghouse & Reliance Cargo 
Winches, A. C. commutator motor winches, 
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single speed squirrel-cage motor winch with 
two speed spur gear, three-speed squirrel-cage 
motor winch with single speed worm gear, 
four-speed high torque squirrel-cage motor 
type, dual motor squirrel-cage type, stores 
winches, hatch cover winches, electro-hydrau- 
lic winches, overside hoist. 

2. Windlasses: Ward Leonard drive, squirrel- 
cage motor type, slipring motor type. 

3. Capstans: anchor cable, warping. 


“Liner Wear and Porous Chromium”—J, M. A. 
Van Der Horst; The Motor Ship, V. 36, n. 431, 
Feb. 1956, pp 494-495. Operating experience with 
porous chromium and unplated liners in engines 
operating with diesel and heavy fuels is pre- 
sented. Some data are offered on 36 vessels. Cal- 
culations show that a plated liner can cost two 
times that of an unplated liner and still offer 
substantial savings on cylinder wear without re- 
gard to the other advantages. Rate of cylinder 
wear in engines discussed may be increased three 
times by use of heavy fuel. Tables show engine 
size, wear rates and operating hours. 


“Silencing the Jet Engine is Now Possible”— 
John Tyler and George Towle; SAE Journal, V. 
64, n. 1, Jan. 1956, pp 67-68. Exhaust silencers are 
under development to reduce jet engine noise 
during ground and flight operations. A perforated 
sheet metal ground silencer has undergone ex- 
tensive test. Flight silencers are under investiga- 
tion. These silencers would be of an adjustable 
type so as to permit optional use by the pilot. In 
areas where jet noise is not objectionable the 
flight silencer would not be brought into use by 
the pilot. It is believed that successful flight si- 
lencers can be developed. 


“Creative Engineering: Path to Progress”—SAE 
Journal, V. 64, n. 3, Feb. 1956, pp 74-79, 82. The 
creative engineering done in ground vehicles and 
aircraft is discussed. Vehicle developments in- 
clude: the Rolligon tires with walking beam sus- 
pension that have been used on four-wheel-drive 
Army vehicles in snow and sand with outstanding 
success; power steering; and new instruments for 
studying processes in combustion chambers. Dis- 
cussions of advancements in the aircraft field in- 
clude materials and methods of handling them. 
Bearing lubrication, composition, heat-treatment, 
hardness and vacuum melting are reviewed. 
Seals, compressor discs and turbine bucket ma- 
terials, methods of fabrication and limiting use 
factors are presented. 


“Pneumatic Ducting Systems”—William M. Cat- 
trell; Aeronautical Engineering Review, V. 15, n. 
3, Mar. 1956, pp 68-71. Bleed air from the com- 
pressor stages of turbojet or turboprop engines 
offers a major source of pneumatic power. Pneu- 
matic ducting systems supplied with bleed air 
offer advantages over other methods in simplicity, 
reliability, ease of maintenance, safety and weight 
saving. Ducting for the pneumatic system must 
be capable of handling temperatures from 500 to 
900° F. The materials, such as stainless steel, also 


* gage thickness can be 0.008 to 0.020 in. to reduce 
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have yield strengths at elevated temperatures so 


weight. These systems carry pressures from 50 to 
250 psi and velocities to the speed of sound at sea 
level. Pneumatic systems supply auxiliary power, 
engine starting, boundary layer control, anti- 
icing and dynamic control air. 


“Fuel Control and Burning in Aero-Gas-Turbine 
Engines”—E. A. Watson; The Chartered Mechan- 
ical Engineer, V. 3, n. 2, Feb. 1956, pp 91-127. The 
problems and developments relating to combus- 
tion of fuel in aero-gas-turbine engines are pre- 
sented. Ignition and control, control systems, in- 
jection of fuel, combustion problems, ducting, 
turbulence, study of air flow by water analogy, 
fuel entry, mechanical problems in combustion 
chamber design and other subjects are discussed. 
Three dimensional charts, curves, drawings and 
photographs included. 


“Resistance of Materials to Mechanical Corro- 
sion”— Russell W. Heinke; Product Engineering 
V. XXVIIL, n. 1, Jan. 1956, pp 194-197. Common 
mechanical corrosive attacks include: cavitation, 
stress-corrosion cracking, corrosion fatigue, im- 
pingement corrosion, erosion and _ fretting. 
Causes of these types, except cavitation, possible 
remedies and resistance of most common mate- 
rials are presented. Stress-corrosion cracking is 
the result of combined electrochemical corrosion 
and static stress. Corrosion fatigue is the reduc- 
tion in apparent endurance limit due to the com- 
bined action of electrochemical corrosion and a 
cyclic stress. Impingement corrosion is the de- 
gradation of the material associated with turbu- 
lent flow of a liquid. Erosion is the destruction of 
a material by the abrasive action of a liquid or 
gas. Fretting corrosion is surface damage that 
occurs when two solid surfaces are in vibrating 
contact under high unit load—various metals and 
their reaction to the types of corrosion are pre- 
sented in tabular form. Photographs and refer- 
ences. 


“Carbon-Dioxide Shielded Consumable-Elec- 
trode Arc Welding’—G. R. Rothschild; The 
Welding Journal, V. 35, n. 1, Jan. 1956, pp 19-29. 
Investigations have been in progress for several 
years to develop means for lowering welding 
costs by use of carbon dioxide for shielding. A 
successful method has been developed to produce 
sound welds on mild steels. Close control of va- 
riables must be maintained and electrodes must 
contain sufficient manganese and silicon. The fol- 
lowing are discussed: method of supplying car- 
bon dioxide, flow characteristics of the gas, 
chemical activity, properties of weld metal, op- 
erating characteristics, weld contour and applica- 
tions. In summary the following points are 
offered: 

1. Large amount of splatter is produced. 
2. Machine welding gives best results. 

3. Manual welding can be performed satisfac- 

torily. 

4. Carbon-dioxide-shielded arc welding should 
be investigated for welding mild steel in high 
production. 
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5. This process is not recommended for any metal 
other than mild steel. 


“Small Shop Tooling Makes Hollow-Blade Jet 
Stators”—John P. Wright and Walter F. Hamann; 
American Machinist, V. 100, n. 3, Jan. 30, 1956, pp 
97-104. Hollow stator blades for gas turbines 
offers attractive weight savings. The formation of 
hollow blades from sheet metal has presented 
many difficult problems. The procedures, tooling, 
contour machining, stretch forming, assembling, 
pure-copper furnace brazing at 2025° F, airfoil 
checking, assembly and inspection are described. 
Photographs and drawings. 


“Designing Aluminum Forgings”—A. E. Favre; 
Machine Design, V. 28, n. 2, Jan. 26, 1956, pp 76- 
84. New giant forging presses operated under the 
Department of Defense Heavy Press Program will 
make possible new design changes of extreme 
value to the designer. These presses can apply 
up to 50,000 tons pressure. The dies can accom- 
modate a working area as large as 10 x 23 ft. Al- 
loy selection affects forgeability. Aluminum forg- 
ings are used in preference to other engineered 
parts because of superior mechanical properties. 
Forging permits formation of the tough fibrous 
material to conform to outlines of the part and 
places the principal loads in most favorable grain 
direction. Proper design assures maximum prop- 
erties in a forging at a minimum cost. Alloy 7075 
is a superstrength aluminum forging alloy (75,000 
psi tensile). Care is essential in design to reduce 
forging problems and increase die life. Other al- 
loys, each with specific properties and uses in- 
clude: x7079, 4032, 2218, 2018, 2025 and 6061. Most 
important recent advance is that of tolernace im- 
provement. With use of these large forges prob- 
lems of precision forging become magnified. Il- 
lustrations, diagrams, tables and references. 


“Crisis: Nuclear Education”—John Kenton; Nu- 
cleonics, V. 14, n. 2, Feb. 1956, pp 21, 52-53. The 
atomic energy industry in the United States is 
facing its biggest crisis—the training of engineers, 
scientists and technicians in adequate numbers. 
AEC estimates 2,000 well-trained engineers and 
scientists are needed each year for the next three 
years. Only 500 are being trained at present. By 
1975 a total of 40,000 to 50,000 trained people will 
be needed in the atomic energy field. Surveys 
show that only about 35,000 engineers will be 
trained annually in all fields and atomic energy 
could utilize 15%. However competition for en- 
gineers will be such that this 15% will not be 
available. Russia has a high powered scientific 
training program in progress that graduated 34% 
of its people in 1954 while the U. S. graduated only 
8%. Russia produced 53,000 engineers and scien- 
tists in 1954 while the U. S. had only 23,000. Gov- 
ernment, universities and industry are providing 
additional training opportunities. AEC is ready- 
ing for Congress a proposed expanded educational 
program that would require an outlay of $6,000,- 
000 in fiscal ’57. It has recommended that: funds 
for education be increased; tackle teacher short- 
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age problem by paying higher salaries to get 
more and higher-caliber people; increase length 
of school year; set up two kinds of high schools, 
one having higher standards; industrial firms 
should “at their own expense make available their 
scientists and engineers for one-year periods to 
teach in our high schools, colleges and universi- 
ties”; industry make additional financial contri- 
butions to education. 


“How Can We Reduce Costly Reduction-Gear 
Trouble?”—Part I, R..G. Woder and Part II, O. 
M. Gordon; Marine Engineering, V. LXI, n. 3, 
Mar. 1956, pp 42-47. Part I: Sensible breaking in 
of the propulsion plant will result in less gear 
troubles. Some of the conditions that result in 
. difficulties include: 
1. Failure to interpret gear conditions. 

2. Lack of quarterly gear and coupling inspec- 
tion, annual tooth bearing readings under light 
and loaded conditions, provided by stripe cop- 
per method. 

. Disregard of necessity to reduce speed in sea- 
ways. 

4. Irregular ballasting. 

5. Failure to clean oil sprays and check spray 

6. 


w 


pattern. 
Failure to take annual bridge-gage readings, 
parallel plane checks. 
Part II: Functions of lubricating oil discussed. 
Causes of gear tooth failures are: 
1. Contaminating material. 
2. Mechanical condition. 
3. Rough surfaces. 
4. Metal failure. 
5. Lubrication failure. 
A new marine oil has been developed and tested 
on a number of ships whose gears were in trou- 
ble. Experience and case histories with this new 
marine oil on ten vessels is presented. Results 
show galling, pitting, spalling, wire edging and 
fatigue were arrested. Photographs, tables in- 
cluded. 


“Recent Accidents with Large Forgings”—E. E. 
Thum; Metal Progress, V. 69, n. 2, Feb. 1956, pp 
49-57. Since 1953 four large rotor forgings failed 
either on test or in service. The units were: one 
of the 125,000-kw, 1800 rpm steam turbines at 
Tanners Creek Station; a generator rotor forging 
for a 3600 rpm, 147,000 KVA set; a generator ro- 
tor forging for a 3600 rpm, 216,000 KVA unit; a 
low-pressure steam turbine spindle for a 1800 
rpm, 165,000 KW unit. Two failures were due to 
unduly high stress concentrations introduced by 
design or repair. The other two failures were due 
to the lack of proper consideration for the evi- 
dence of internal defects found by ultrasonic in- 
spection. Photographs, sketches, curves and ref- 
erences. 


“Jet Engine Enemy No. 1”—Approach; V. 1, n. 
8, Feb. 1956, pp 36-38. Foreign object damage is 
considered to be one of the most serious prob- 
lems. During a recent 3 month period 105 out of 
a total of 371 engines went to overhaul prema- 
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turely because of foreign object damage. Objects 
causing damage have been identified as bolts, 
nuts, screws, washers, tools, stones, sand, foil, 
sticks and rags. Over 90 percent were blown into 
air intakes by other aircraft. NACA’s study “In- 
gestion of Foreign Objects into Turbine Engine 
Vortices” report that vortices formed by suction 
of jet engines pick up pebbles. 

“Radioactive Tracers Speed E P Lube Know 
How”—Power, V. 100, n. 1, Jan. 1956, pp 86-87. 
Behavior of extreme pressure film was presented 


by V. N. Borsoff and C. D. Wagner at ASLE- 
ASME joint meeting, Indianapolis, Ind. Oct. 1955. 
The mechanism of E P lubrication has been de- 
scribed by W. Davey. Radioactive-tracer tech- 
nique has been used by Borsoff and Wagner to 
study E P film formation and behavior. Ferris 
patented the radioactive technique for evaluat- 
ing wear in 1914. Pinotti conceived the idea of 
utilizing a nuclear reactor to obtain radioactive 
parts by nuclear bombardment. This method 
made the radioactive technique practical for wear 
studies on piston rings and reduction gears. 
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REACTOR SHIELDING DESIGN MANUAL 
Edited by Theodore Rockwell, III 
Reviewed by M. L. Ireland, Jr. 


This manual was released in March, 1956 by the 
Naval Reactors Branch, Division of Reactor Develop- 
ment of the A. E. C. and is available at $2.10 per copy 
from the Office of Technical Services, Department of 
Commerce. 

Shielding Design is one of a series of technical 
manuals sponsored by the Naval Reactors Branch of 
the A. E. C. Previously issued manuals cover liquid 
metals, zirconium, beryllium and a bibliography of 
reactor computer codes. Additional manuals are in 
preparation for corrosion and wear in water cooled 
reactors, naval reactor physics design, reactor core 
design, reactor plant piping, reactor heat transfer 
and the metal hafnium. 

This entire series of manuals is an effective answer 
to the complaints that declassification procedures are 
too slow and that release of previously classified doc- 
uments on a bulk basis provides the specific informa- 
tion seeker with a “needle in a haystack.” 

The Shielding Manual contains ten chapters which 
cover the entire range of design procedures including 
the essential theoretical background, and also valu- 
able information on shielding materials and methods 
of construction. Ten authors are listed but as the 
editor indicates in his preface individual authorship 
was sacrificed to coherence and the result is obvious- 
ly well worth the required additional effort. 

The first chapter presents basic principles includ- 
ing a justification for the neutron removal cross 
section concept and a brief discussion of build-up 
factors for the gamma absorption equations. Specific 
design procedures are detailed in Chapter 3, “shield- 
ing the reactor core” and in Chapter 4, “shielding the 
reactor cooling system.” 

Permissible radiation levels, biological equivalents 
and specific applications of tolerances including con- 
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siderations of access time, power level and local 
streaming are given in Chapter 2. 

Plant layout factors including distance effect, opti- 
mization of primary and secondary shielding, and 
shadow shielding concepts appear in Chapter 5. 

Chapter 6 provides detailed information on physi- 
cal and shielding properties of usable materials, 
fabrication and assembly details and operational test 
procedures for measuring radiation levels. 

A separate Chapter (7) is required for the special 
problems related to safe access after shut down. This 
chapter includes valuable and previously unpub- 
lished information on activation of impurities in the 
coolant system and studies of possible fission product 
contamination. 

Chapter 8 treats the numerous problems of shield 
penetrations and other irregularities such as defects 
in a specific and practical manner. The gamma scat- 
tering problem at shield boundaries is also thorough- 
ly covered. 

The final Chapters, 9 and 10, provide a summary of 
the reference mathematics (including derivations) 
for radiation flux geometry and basic data and curves 
for build-up factors, absorption coefficients, cross 
sections and radiation damage summaries. 

It is hoped that this brief summary conveys some 
idea of the immense amount of shielding information 
collected from many sources which are still classified 
and presented for the first time in a single volume, 
which is now available to the public. 

The fact that an entire series of such manuals cov- 
ering naval reactor technology is being issued is 
attributable to the foresight of Rear Admiral H. G. 
Rickover who has permitted the work to be done by 
qualified engineers, physicists and mathematicians 
even at the expense of urgent daily commitments. 
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ENGINEERING DRAWING AND GEOMETRY 
By Randolph P. Hoelscher and Clifford H. Springer 
Published in 1956 by 
John Wiley and Sons, Inc., New York, N.Y. 
and 
Chapman and Hall, Ltd., London 
450 pages plus appendix 
Price $8.00 


Reviewed by Assistant Professor John W. Neil, 
Department of Marine Engineering, United States 


Naval Academy. 


This book, though almost entirely rewritten, has 
been based upon the successful organization and 
methods of a previous book by Harvey H. Hordan 
and Randolph P. Hoelscher. An average teaching 
experience of more than 30 years each, plus many 
years of engineering practice by each of the authors 
come to fruition in this text. It represents a philoso- 
phy of training in drawing which is in harmony with 
the trend in modern engineering education. 

Since this text is designed for engineers, thorough- 


constructions which add meaningfulness to 
their construction. 

Chap. 5 —“Geometric Projections’—A short introduc- 
tion to projection, including its history. The 
summary includes a table of “Types of Projec- 
tion,” which is excellent for reference study. 

Chap. 6 —“Sketching”—The basic concepts of sketching 
as applicable to the Engineer. The instructions 
and illustrations are well suited for the pre- 
sentation of this important phase of Engineer- 
ing Drawing. The chapter also provides an 


cal ness in the understanding of principles has been em- interesting introduction to the various types of 
. phasized rather than manual skills. It is from the projection covered in later chapters of the 
viewpoint of developing an engineer rather than a 
nd draftsman that the subject matter has been presented. Chap. 7 —“Orthographic Projection”—A brief, concise 
The authors are members of the General Engineer- coverage of Or 
ing Department of the University of IHinois and have pry ty ‘hat 
had varied and comprehensive engineering experi- 
pene. See . would not suffice for an inexperienced one. 
tel of the Drawing Division of A.S.E.E., and since 1949, Chap. 8 —“Sectional Views’—The latest standards of 
“0 has headed Sectional Committee Y-14 (American sectioning practice presented in a clear, un- 
b. Drafting Standards Manual) of the American Stand- derstandable manner. The illustrations make 
a ards Association; Mr. Springer has served as Chair- this chapter excellent for reference purposes. 
the man of the Drawing Division of A.S.E.E. and as Chap. 9 —“Dimensioning”—The difficult field of dimen- 
uct Chairman of sub-committee No. 4 (Pictorial Draw- sioning broken down into a systematic step by 
ing) of A.S.A. Y-14. step procedure that should make it possible 
eld After a brief introduction to Engineering Drawing, for even an inexperienced student to correctly 
ects the following chapters develop the accepted funda- dimension a drawing. The coverage is slanted 
mentals of Engineering Drawing in the regular se- of 
gh- uence. e illustrations are taken ; 
1 —“Introduction”—A short coverage of the func- Chap. 10—“Fasteners”—Types, construction Pty, 
y of tions of Engineering Drawing and the profes- sentation of the De tg ne 8 threa 7% - 
ns) sional aspects as applied to the varied fields of 
"ves engineering. types 
rOSS Chap. 2 brief history of lettering; the fasteners. 
mechanics of hand lettering with emphasis on Chap. 11—“Shop Terms and Processes”—A follow-up 
yme slant lettering; and an introduction of me- chapter for dimensioning. Considers the proc- 
tion chanical lettering guides. esses of the pattern shop and machine shop in 
fied Chap. 3 —“Use and Care of Instruments’—A complete some detail. The final portion of the chapter 
me coverage of drawing instruments, including summarizes heat treatment of metals. 
; the newer types of drafting machines. A de- Chap. 12—“Drawings for Interchangeable Assembly”— 
tailed discussion of ruling pens, inking, and A textbook of material on assembly drawing 
“gl special drafting tools. condensed into one chapter. The chapter cov- 
d 9 Chap. 4 —“Geometrical Constructions”—Basic geomet- ers layout, check assemblies, shop assemblies, 
.G. ric concepts, angle, ellipse, tangents, arcs, etc., installation assemblies, cross hatching, stand- 
e by supplemented with detailed illustrations and ard details, definition of terms, tolerances, 
ians illustrations for their construction. In addition, surface finishes, and procedures for checking 
ts. there are practical applications of many of the a drawing. The latest American Standards 
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Association recommendations have been used 
throughout. This chapter provides an excellent 
reference source. 


Chap. 13—“Auxiliary Projections’—A practical ap- 
proach to auxiliary projection. Mutilated 
blocks are used for illustrative purposes. The 
chapter considers one, two, and partial auxil- 
iary views, 

Chap. 14—“Geometry of Engineering Drawing”—The 
basic concepts and relationships of points, 
lines, planes and solids. A concise coverage of 
the fundamentals of descriptive geometry. 


Chap. 15—“Intersections and Developments”—A discus- 
sion of the general procedures used in solving 
the intersections of planes, planes and solids, 
and solids. Practical applications of these pro- 
cedures in the development of sheet metal 
forms, including development by triangula- 
tion. 


Chap. 16—‘“‘Axonometric Projection”’—The theory and 
methods of construction for isometric, dimet- 
ric and trimetric projection. 


Chap. 17—“Oblique Projection’—A short coverage of 
Cavalier and Cabinet projection. 


Chap. 18—“Perspective”—An interesting coverage of the 
various types of perspective slanted toward 
the field of display drawing. The chapter in- 
cludes a study of shading, shadows, and reflec- 
tion. There are practical applications of each 
type. 

Chap. 19—“Charts and Diagrams.” 

Chap. 20—“‘Map Drawing.” 

Chap. 21—“Architectural Drawing.” 

Chap. 22—“Structural Drawing.” 

These chapters are suitable for advanced 
study in these professional fields. The intro- 
ductory material is clear but concise in nature 
and would be inadequate for a fundamental 
course in these fields. The problem solving 
method is employed in developing these sub- 
jects without it being necessary to apply the- 
oretical design work. 

Chap. 23—“Pipe Drawing”—A short chapter introduced 
to give the engineer an understanding of the 
general functions and characteristics of pipe, 


pipe fittings and piping systems. American 
Standard recommendations and symbols are 
used throughout. The suggested type of prob- 
lem is an interesting application of isometric 
and oblique projection. 

Chap. 24—“Machine Drawing.” 

Chap. 25—“Tool Drawing.” 

Chap. 26—“‘Welding Drawing.” 

Chap. 27—“Reproduction of Drawings.” 

Chap. 28—“Patent Office Drawings.” 

These chapters are brief, summary type cov- 
erage of material needed by the student for 
reference purposes as he develops his ideas in 
design drawing. 

Chap. 29—“Appendix.” 

A summary of 60 Tables derived from ac- 
cepted standards as practiced and recom- 
mended by industry. 

Engineering Drawing and Geometry appears to be 
an unexcelled text for advanced engineering study, 
but the condensed nature of the instructional mate- 
rial appears to make the text unsuitable for a funda- 
mental course. The professional approach to the 
subject matter indicates a thorough knowledge and 
understanding of the problems by the authors. The 
text should inspire every student to develop his own 
initiative, and better prepare himself for the chal- 
lenges to come in his professional career. 


The coverage of subject matter is broad and in- 
clusive, while at the same time being clear and 
concise. Every topic is vital, and there is no apparent 
filler material used in this text. The size of the 
illustrations made possible by the large page size 
increases the clarity and effectiveness of the illus- 
trations, 


The authors have been consistent in their use of 
the latest recommended standards and the present 
practices of industry. The practical applications are 
appropriate and meaningful, and add considerably to 
the effectiveness of the text. The text does not include 
sufficient problems for complete course organization, 
but work books to supplement the text are available, 
and their use is recommended. 


NAVAL BOILERS 
By Robert F. Latham 
Published by the United States Naval Institute 


On April 1, 1956 the U. S. Naval Institute an- 
nounced a new edition of Naval Boilers. Originally 
published in 1950, the book has been completely re- 
written and brought up to date by Robert F. Latham, 
Instructor in Marine Engineering at the U. S. Naval 
Academy. 

Naval Boilers is used at the Naval Academy as a 
textbook for the instruction of midshipmen in their 
first year of study in marine engineering. Conse- 
quently, the subject matter is descriptive in nature 


and covers only the fundamentals of boiler develop- 
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ment, design, and operation. It offers engineers and 
operating personnel a source of descriptive data on 
the principles associated with steam generating 
equipment used on naval vessels, past and present. 

The text examines the operating characteristics of 
the marine engineering plant through study of the 
propulsion steam cycle found in modern warships. 
The function of the boiler unit within the framework 
of the propulsion plant is described, including prin- 
ciples of heat transfer, circulation, and properties of 
steam. 


sp 
the 


ul 
ar 
th 
ba 
is 
TI 
br 
is 

U. 

of 
| Ste 
| Na 
| A 
abl 
is n 
witl 
reac 
pres 
bor 
quic 
dise 

self 
as a 
| engi 
two 
| how 
stru 
It is 
| had 
N 
secti 
| abou 
Cory 
nava 
of th 
| to tr 
Th 
secti 
to tl 
(buil 
was 
elsev 


The history and development of steam generating 
units from the Roman era to the nuclear power plant 
are traced, with emphasis on marine boilers used in 
the U. S. Navy. Considerable space is allotted to the 
basic features of modern boiler design. One chapter 
is devoted to a description of operational boiler types. 
The latest trends in naval boiler design are discussed 
briefly, including forced circulation and nuclear 
power. 

An up-to-date concept of boiler water treatment 
is presented and the methods presently used in the 
U.S. Navy are described, including types and effects 
of contamination and methods to counteract and pre- 
vent contamination. A chapter covers the properties, 
specifications, tests, and handling of fuel oil, the 
theory and the practical aspects of combustion, 
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methods of combustion control, description of atom- 
izers and burners used in naval boilers, and trends 
in burner design and combustion control. The final 
chapter discusses basic naval power plant arrange- 
ments and the factors involved in safe, economical 
boiler operation and maintenance. 

While Naval Boilers is not intended to serve as an 
operating manual or a catalog of specific data, it in- 
troduces the beginner, through simple, precise termi- 
nology and abundant illustrations, to the funda- 
mental features of a steam generating plant and 
serves as an excellent primer for furthering practical 
knowledge. It is presented so that the student will 
derive a basic understanding of the principles upon 
which marine steam propulsion is founded, and the 
presentation is designed to arouse his interest in 
Marine Engineering. 


SHIPS, MACHINERY and MOSSBACKS 


Vice-Admiral Harold J. Bowen, USN (Ret.) 
Published by nak 
Princeton University Press, London, England 
Reviewed by Geoffrey Cumberlege 


The following book review appeared in the Annual 
Steam Number, 1955 of the Marine Engineer and 
Naval Architect (Br.) 

Admiral Bowen modestly describes this wholly read- 
able book as the autobiography of a naval engineer. It 
is more than an autobiography: it tells of his conflict 
with, and eventual triumph over, the “mossbacks,” those 
reactionary play-for-safety men who thought high- 
pressure steam turned a warship into a species of floating 
bomb, and who believed, among other things, that 
quicker-running unconventional diesels would jeopar- 
dise the American submarine service. To describe him- 
self as “a naval officer” does the author less than justice, 
as all who know something of the development of the 
engineering side of the United States Navy in the past 
two decades are aware. Such criticisms are niggling, 
however, and the book itself puts the mossbanks, the 
struggles and “the naval officer” in correct perspective. 
It is a capital piece of vigorous writing, although the 
technical reader might justifiably wish that the admiral 
had written more “shop” into it. 

Not the least interesting part of the book is the first 
section: Education, Ashore and Afloat. This tells us much 
about the American Naval Academy, the old Engineers 
Corps of last century, the period in the States of “every 
naval officer his own engineer,” the emergence (in 1940) 
of the Bureau of Ships, and other developments relating 
to training of naval engineers. 

The author’s early sea-going experiences are in this 
section, and they deserve a capital “E.” He was posted 
to the coal-burning reciprocating-engined Tennessee 
(built by Cramp in 1906) on the eve of war in 1914. It 
was said in American naval circles at that time—and 
elsewhere, too, for that matter—that the quickest way to 


learn engineering was to get ordered to a run-down ship 
as chief engineer. “On that basis I was doing all right,” 
says Admiral Bowen with transatlantic dryness. The 
narrative amply confirms this,but we have no space to 
tell of his compounding willy-nilly of one of the vessel’s 
triples when crossing to England after war had been de- 
clared, or of other incidents. One of these is, however, 
too good to leave for the readers of the book to enjoy 
exclusively. The ship had Babcock water-tube boilers 
and when in the Mediterranean early in the war appre- 
ciable salt was detected in the feed water by the usual 
routine tests. The leak could not be located. Testing in 
such an old, cramped ship was carried out (with the 
usual equipment) in a boiler uptake, so difficult was it 
to find space for such work. Sometimes the salt appeared 
to come from one boiler, sometimes from another; then 
it was the feed tank—but never could the point of leak- 
age be located. In desperation the author decided to 
watch the man “who couldn’t make a mistake testing 
water.” Patiently they sat in the hot and humid atmos- 
phere of the uptake .. . calibrating . . . and testing. 
Sweat stood on the fireman-tester’s forehead—and a 
bead dropped into the sample of water being tested. The 
phantom leak had been plugged. 

The section on high-pressure, high-temperature steam 
appears rather early, bearing in mind that this is a com- 
partively recent development. It is the best part of the 
book to marine engineers although the section on diesel 
engines which follows it is also cogent stuff, if on the 
short side for technical readers. Admiral Bowen tells an 
interesting factual story about the coming and rapid de- 
velopment of ‘high-pressure, high-temperature steam in 
the U.S. Navy; and it is beyond dispute that the men of 
vision who were responsible—and he was one of the 
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foremost—are deserving of great credit. They lifted 
American naval engineering practice after 1933 right 
into the van, and no well-informed marine engineer can 
have any reservation about his admiration for it today. 
We cannot, however, let the forthright admiral’s state- 
ment that “the U.S. Navy and not the Royal Navy pio- 
neered in this great advance in naval engineering” pass 
without reminding him that the British Thornycroft- 
built destroyer Acheron had high-pressure, high-tem- 
perature machinery in 1928-30. We saw her launched in 
1928 but she did not complete her trials until 1931. As 
an experiment in the new technique she was a success, 
returning a full load specific consumption of 0.60 lb. per 
s.h.p. per hour compared with 0.81 lb. for the other 
(“normal” steam conditions) vessels of her class. There 
is no gainsaying that the Acheron experiment was 
handled rather badly. She was made an ordinary opera- 
tional vessel and so had to take her chance in the engi- 
neering sense, with the result that she had a good deal 
of trouble in her too short life—she was mined in 1940. 
Regrettably, her Parsons-designed-and-built machin- 
ery never had adequate shore testing, bearing in mind 
the important technical innovation which her installa- 
tion represented. Worse than this, no proper record was 
kept of her troubles and their rectification; and the cost- 
ly and painful lesson which she should have represented 
to the cause of naval engineering was largely lost with 
her. Nevertheless she was the first and her performance 
demonstrated that high-pressure, high-temperature 
turbines were an important naval advance—and one to 
the credit of British enterprise, whatever Admiral Bow- 
en has written. 

The book has some interesting things to say about the 
vital policy change made in the U.S. Navy in 1933. Prior 
to that date American naval engineering practice had 
been conservative in the extreme, with the principal 
warship builders tied to “Parsons Ltd.” for turbine de- 
signs under licence agreement. Most of the American 
warships built between 1918 and 1933 used saturated 
steam, with (according to Admiral Bowen) the designs 
of main turbines, gearing, boilers and feed systems un- 
changed from those used in the first war. One class of 
destroyer used steam superheated to 650 deg. F. but apart 
from this the inference is that “Parsons Ltd.” kept the 
technical brake on and nobody in a position of influence 
seemed to take this amiss. The old ship-and-engine- 
builder was gone around 1933, the author tells us, for 
they could no longer compete with the specialist de- 
signers and builders of turbines, gears and boilers. It is 
interesting to contrast this with today’s practice in 
Britain, where we successfully use both types of firm. 
Alongside the old-established units of the industry (with 
Pametrada’s excellent facilities in support these days) 
we have such turbine specialists as English Electric and 
Metrovick making important contributions to naval 
steam turbine progress. On the gearing, boiler and feed 
system sides we are equally strongly served. 

The admiral describes most interestingly how tradi- 
tion was ruthlessly put aside by Admiral Robinson, him- 
self and those who supported them in the urgent matter 
of getting naval engineering on to a modern basis in a 
country where for years power station steam practice 
had been so admirable. In discussing the change of poli- 
cy which was effected, Admiral Bowen says some very 
straight things about the Parsons link and the “inbred 
conservatism of British engineering.” Whether or not 
the author intended it, the impression is left that the 
Parsons Marine Steam Turbine Company controlled the 
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machinery design policy of the U.S. Navy from England 
prior to 1933. This policy resulted, we are told, in the 
“British Admiralty having made available to it the pow- 
er, speed, and the designs of turbines being installed in 
American naval vessels,” for what that was worth; and 
the author seems to think that this “siphoning of US. 
naval turbine designs,” as he calls it a few lines further 
on, was a bad thing for the States which the change of 
policy stopped. Surely, if the designs were out of date, 
and British-inspired at that, there was little likelihood of 
the British Admiralty gleaning anything from them?— 
always assuming, of course, that the Parsons firm, with 
more patriotism than business ethics, “tipped off” White- 
hall. Frankly, we do not believe that this form of one- 
way “exchange” happened. (Maybe this sort of thing 
was in mind when the American authorities—charmingly 
but firmly—declined to let this journal even look inside 
the machinery spaces of the United States when we 
visited her by invitation!) 

When the United States got down to the matter of 
modernizing her naval engineering she made a real job 
of it. The famous consulting firm of Gibbs & Cox were 
called in on the strength of their experience in the design 
of large liners and their machinery. The latter made use 
of temperatures approaching 750 deg. F. at that time, 
much higher turbine speeds were used than the US. 
Navy employed, double-reduction gears were the order, 
and economizers figured in them. In short, the specifi- 
cations were in line with the progressive ideas of “the 
Bowen camp.” The famous Mahan class of destroyers 
resulted from this cooperation. No fewer than 26 ships 
of this class were built and they vindicated the bold 
change in design policy although their machinery spaces 
were rather congested. In addition to having high-speed 
main turbines and double-reduction gears, these de- 
stroyers had directly-coupled (ie. no clutch) cruising 
turbines. The steam conditions were: 400 lb. per sq. in. 
and 700 deg. F., although 850 deg. F. had been planned 
originally. A de-aerating feed system was used for the 
first time in the U.S. Navy. 

The admiral passes on to the machinery of the equally 
well-known American destroyer Somers (600 lb., 850 
deg. F.), a large vessel of 51,525 trial s.h.p. which soon 
followed. Her acceptance trials were in late 1937, and 
bearing in mind the general practice in the engineering 
department at Washington a few years earlier the for- 
ward step she represented was considerable. She had 
air-encased boilers with an open stokehold, and con- 
trolled superheat and the use of economizers were 
features. 

The scene moves inevitably, in view of the urgent need 
for rearmament, to larger vessels of war and the ma- 
chinery for them. As with destroyers, the “Big Three” 
(Bethlehem, Newport News and New York Shipbuild- 
ing) were not at that time in favor of the newer machin- 
ery with advanced steam conditions, higher turbine 
speeds, double-reduction gears and the rest. The book 
tells interestingly of the opposition to the use of modern 
machinery and quotes from official memoranda which 
passed between the author and the General Board of the 
Navy. The author appears to have had an exceptionally 
tough job in trying to convince the powers that be that 
outmoded machinery should not be ordered for the 
battleships so urgently needed. Such phrases as “gam- 
bling with national defense . . . by installing experi- 


mental and unproven engine designs” were thrown at 
the author, at that time Engineer-in-Chief of the Navy, 
and more than one official body attempted to arrogate to 
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itself duties and functions in the engineering field which 
were fundamentally Admiral Bowen’s. He also mentions 
that the British E.-in-C. was often quoted against his 
policy. Such phrases are mentioned as “Let the Ameri- 
cans and Germans do it, and if it succeeds we will copy 
them.” In referring to the progress already made and the 
advance to larger installations contemplated, our own 
E.-in-C. is said to have commented that the U.S. Navy 
had been “sold down the river by the same big electric 
manufacturing companies who put over electric drive” 
on the American Navy in an earlier epoch. 

The acrimonious business occupies a considerable 
amount of space—and well-used space, we think—but 
it ends rather unsatisfactorily. We know that the views 
of the admiral and his supporters eventually won the 
day but this episode of the battleship machinery ends 
with the Board’s peroration saying in effect that they 
would have none of it. There follows a single sentence, 
with no date reference to give it weight, that high-tem- 
perture, high-pressure machinery was adopted for the 
Atlanta class of American light cruiser, this being the 
first time it had been used in the States for such vessels. 
Such machinery, the admiral rightly points out, repre- 
sented the background of American naval machinery 
practice during the last war and made possible their 
fleet’s long-range operations in the Pacific. He also in- 
stances the inferior cruising range of the less economical 
units of the British fleet during the war, quoting Captain 
Russell Grenfell’s book, The Bismarck Episode, in sup- 
port. Telling though this is, and of value through the 
comparison of fuel consumption and cruising radius of 
certain British and American vessels also is, the narra- 
tive suffers somewhat from a tailing off after the heat 
had been generated and the memoranda flashed a few 
years before war broke out. 


So far as steam machinery is concerned, the rest of the 
book is of moderate interest apart from the appendices. 
These are ten in number and they cover some 22 pages. 
One of them deals with electric drive in warships, a piece 
of rather old American naval engineering history which 
is fairly familiar to an older generation of marine engi- 
neers but which will no doubt intrigue the younger ones. 


It is worth recalling that the famous large battle cruisers 
Lexington and Saratoga, which eventually appeared as 
“super” aircraft carriers, had turbo-electric machinery 
capable of producing 210,000 s.h.p. on trial on four 
screws. They appeared a good few years prior to the last 
war. 

Another appendix is a press release of 1943 which 


- eulogizes the accomplishments of the Bureau of Engi- 


neering, with particular reference to high-pressure, 
high-temperature steam turbines. Bearing in mind the 
tough fight of Admiral Bowen to get this very principle 
accepted in the American Navy, this document of a few 
years later is not without its piquancy; the pertinacious 
admiral must have studied it with mixed feelings. It ends 
by reminding us that in 1939 the U.S. destroyer Dahlgren 
was re-engined and re-boilered with an installation de- 
signed for 1,300 lb. per sq. in. and 925 deg. F. That was 
something to be proud of six years after the light was 
seen—and sixteen years before this review was writ- 
ten. Since the war, of course, the remarkable Timmer- 
man advanced experiment—a destroyer installation of 
100,000 s.h.p. with a final steam temperature of 1,050 deg. 
F. and a pressure of 2,000 lb. per sq. in. on the port set of 
machinery—has been made and is now being thoroughly 
tested at sea. 

The general reader as opposed to the naval engineer 
with fuller knowledge may form the opinion from this 
outspoken book that American naval engineering has 
left British practice far behind once it shook off the 
mossbacks. Admiral Bowen has, of course, been “on the 
outside” for more than ten years, and much has hap- 
pened. While Britan has not been able to afford the 
wonderful luxury of a Timmerman experiment her naval 
engineering specialists have not been idle. Some real 
advances have also been made here since the war, al- 
though we have not gone to the very advanced steam 
conditions of the Timmerman; neither have the Ameri- 
cans, for that matter, so far as everyday naval turbine 
machinery is concerned. We may be able to say more in 
this connection before long. Meanwhile, let us thank 
Admiral Bowen for a book which must have done a great 
deal of good even if it has reawakened some past con- 
troversies. 


GAS TURBINES AND JET PROPULSION 
By G. Geoffrey Smith 
Published in 1955 by 
Philosophical Library, Incorporated 
15 East 40th Street, New York, N.Y. 
Price $15.00 404 pages °-°- 
Reviewed by W. H. Cullin, CDR, USN 


“Gas Turbines and Jet Propulsion” is a meaty 
book that covers this field in a comprehensive man- 
ner utilizing a descriptive style. Mathematics are 
non-existent in the text. However, an extensive use 
of curves, tables and schematics serve the author 
well in conveying a detailed coverage of the how, 
why, and wherefore of the gas turbine engine and 
its uses. 


As one would expect, the material presented 
utilizes English and European gas turbines exten- 
sively. However, the American contribution is ade- 
quately covered in the chapter “American Gas 
Turbines.” 

The author first explains the principles and history 
of jet propulsion, and then goes on to deal with its 
main technical aspects, including design and per- 
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formance, components, fuels and fuel systems, metal- 
lurgical problems, research, testing and maintenance. 
The various types of British, American, Canadian 
and European aircraft gas turbines available or un- 
der development are then surveyed, and later chap- 
ters examine special applications, such as rockets 
and helicopters. The final chapters deal more briefly 
with the use of gas turbines for cars, trucks, power 
stations, locomotives, marine and industrial pur- 
poses. 

In Chapter One the author discusses and explains 
propulsion by jet reaction and makes rather pro- 
found statements after stating that the remarkable 
and well established achievements of the orthodox 
propeller-reciprocating engine combination have 
tended to obscure these two facts: 

(1) Self-propelled bodies in a fluid medium, air- 
craft in air and ships in water, progress by reaction 
to the displacement of a mass of the medium rear- 
wardly. Basically, therefore, all aircraft are jet-pro- 
pelled. 

(2) Despite intensive development, the recipro- 
cating engine with intermittent power impulses is 
fundamentally a retrogression from rotary units with 
continuous production of power, such as the early 
wind and water wheels. 

The author states the following, concerning the 
operation of a rocket, in the same chapter on propul- 
sion by jet reaction: 

A rocket, however, is a true reaction unit and a brief 
examination of its functions serves to make clear the 
reaction principle on which all the thermal jet plants 
operate. If a hydrocarbon fuel and oxygen are held in a 
closed vessel and ignited, the latent heat of the fuel is 
released, and there is a rapid expansion of the resulting 
gases. Owing to the fixed volume of the vessel, there will 
be a rise in pressure which will be uniformly distributed 
in every direction. As the forces are balanced there will 
be no tendency for the vessel to move. 

Next consider a similar vessel which, instead of being 
sealed, has at one end an opening or nozzle. On ignition, 
and combustion of the fuel, the expanding gases will 
rush out of the nozzle at a high velocity. The internal 
pressure at the nozzle end of the vessel is thus relieved, 
leaving an unbalanced pressure at the other end which 
tends to propel the vessel in the opposite direction to the 
issuing jet. Obviously it is dependent solely upon inter- 
nal conditions, and there is no suggestion whatever of 
the jet “pushing against” surrounding external air. In 
fact it would function most efficiently in a complete 
vacuum, 

It is considered that the foregoing description of 
the operation of a rocket engine is misleading, in that 
the thrust of a rocket is made up of two parts: (1) 
The differential pressure forces acting as described, 
plus, (2) The reaction force as a result of the accele- 
ration of the rocket gases out the nozzle as described 


by the equation F —“°V, where, 
§ 
= force 


w, = weight rate of flow of propellant consump- 
tion 
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V; = exit velocity or jet velocity relative to nozzle 


The statement by the author, that a rocket operates 
most efficiently in a vacuum, is correct and stems 
from consideration of the following expression for 
the complete rocket thrust: 

wpV 

A; = area of exit or nozzle throat 
P; = exit static pressure 

P, = ambient pressure 


where, 


It can be seen from the above thrust relationship 
that with ambient pressure P, equal to zero, in a 
theoretical vacuum, with all other variables con- 
stant, the thrust would be at a maximum. 

In this chapter, entitled “Propulsion by Jet Reac- 
tion,” the author also states: 

A rotary power unit such as a gas turbine has its own 
peculiar problems but does not suffer the limitations of 
the reciprocating unit. Its chief merit is a relative sim- 
plicity in design, development, and production which 
arises particularly owing to each component being called 
upon to perform only one function continuously. Within 
a considerable range it can be scaled up or down in size 
and output. 

However, in chapter 16, “Turbines for Road Vehi- 
cles,” the author states: 

A turbine of a size suitable for a road vehicle is likely 
to be more difficult to construct and to be less efficient in 
operation than a high powered unit for aircraft. The 
reasons are both mechanical and thermodynamic. It is 
possible to scale down the dimensions of the components 
of a 2,500 hp. aircraft turbine but not practical to scale 
down the limits of tolerance on size, shape, weight and 
surface finish. 

It would appear that the author is not entirely 
consistent. 

Chapter III, “Thrust and Performance,” is done in 
an excellent, readable manner and covers thrust, pro- 
pulsive efficiency, attitude effects, operating temper- 
atures, component efficiencies and complex gas tur- 
bine cycles. Chapter IV deals with the pros and cons 
of jets vs. propellers including turbo props and 
ducted fans. 

The chapters on gas turbine components, combus- 
tion and fuels, fuel systems, metallurgical problems, 
research, testing and maintenance are covered in a 
most thorough manner. In fact the chapter on fuel 
systems is almost too detailed and it is possible to 
become bogged down and bored except possibly for 
the student interested in minute design detail. How- 
ever, a fine description of the Dowty Spill burner, a 
most unique and simple unit in theory and operation, 
is contained in this chapter. 

The description of the ‘torch’ ignition system for 
gas turbine engines is of interest. However, some of 
the components described are not identified and/or 
named as typical (e.g., starting routine, air/fuel ra- 
tio control unit, etc.). Some confusion exists in the 
use of terms, for example burner and vaporizer, as 
meaning one and the same in British content and as 
the American term, fuel or burner nozzle. 
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The author mentions a fuel that has a special con- 
notation to this reviewer,—“Hydrogenated cresote,” 
as being one that the Armstrong Siddeley Vaporizer 
could utilize. Just what characteristics this fuel has 
is unknown at this moment to this reviewer. 

A very interesting and unique method of deliver- 
ing fuel is described as the French gas turbine “Tur- 
bomecas Centrifugal Thrower”: 

A gear-type feed pump delivers fuel at a pressure of 
approximately 45 lb/in* to the forward end of the hol- 
low mainshaft. The fuel passes along the shaft and is 
flung through radial holes in a thrower disk into the 
primary combustion zone of the annular combustion 
chamber. At the high speed of rotation the fuel is raised 
to about 2,000 lb/in? pressure, given a velocity sufficient 
to ensure adequate penetration, and thoroughly atom- 
ized. By this method a high pressure fuel pump is not 
required and the need for a large number of calibrated 
jets is avoided. 

The chapter on British and Canadian gas turbines 
will open many a reader’s eyes. The list of the high- 
thrust turbo jets and turbo props is impressive. The 
BE-25 British turbo prop, made by the Bristol Com- 
pany, has been designed with a very interesting phi- 
losophical principle incorporated (i.e., a constant 
power to a high critical attitude). It is a constant 
power turbo prop of about 4,000 shp or 5750 ehp at 
sea level, which is obtained by restricting the fuel 
flow. Not only does this provide all the power re- 
quired by most of the immediate BE-25 applications, 
the author states, and without requiring the develop- 
ment of very large and critical gear boxes and pro- 
pellers, as needed on larger engines, but it also 
makes available full take-off power anywhere in the 
world, regardless of airfield height, humidity and 
temperature. Normally the BE-25 can develop its 
full rated power up to about 20,000 ft. by merely 
opening the throttle. 

The only point that mars the treatment of the 
chapter on British and Canadian gas turbines as well 
as that on European gas turbines is the time element 
in the historic treatment of the engines. It is by com- 
pany engine design development, in types and sizes 
rather than areas, so that the reader is not always 
aware of which gas turbine is contemporary and 
which is one of the pioneers. If one has a lack of fa- 
miliarity with British engine families it makes for 
rough going. It seems very poor organization to flit 
back and forth timewise and gives an impression of 
a hodge-podge of engines and no continuity in de- 
velopment. However, the descriptive detail of each 
engine is excellent and includes detail of assembly, 
material and relevant operating statistics (i.e., tem- 
peratures, sfc, ehp, pressures, etc.). 


In the chapter on ram jets, pulse jets and rockets, 
in addition to an excellent handling of the history of 
these engines, is an eye opening account of the “Esco- 
pette pulse jet,” a valveless pulse jet that had been 
developed by the S.N.E.C.M.A. organization in 
France. In multiple installations of 4 and 6 units they 
have been used to power the Emouchet sail plane 
and were first flown publicly at the display in con- 
junction with the 1951 Paris show. 


This chapter is quite comprehensive as can be de- 
duced from the fact that a Loon pulse jet missile 
being rocket launched from a USN submarine is pic- 
tured as well as a pulse jet propelled target drone, 
the KD2G-2. 


The chapter “Rotating Wing Propulsion” is a most 
clear, lucid and interesting coverage of helicopters, 
both past and present, as well as the Foche-Wulf 
ram-jet-propelled rotating-wing fighter project. 
Among the helicopters mentioned are the Margaudt 
M-14 pulse-jet helicopter, McDonnell XH-20 ramjet 
helicopter, Kaman K-225 three seater with Boeing 
turbine and mechanical drive, the Hughes XH-17 
cargo carrying, jet propelled rotor helicopter and the 
S.O. 1310 Farfardet convertiplane. The descriptions 
of these various craft and engine combinations are 
most explicit, including pertinent flight and operat- 
ing data. 


The author discusses the ‘Rover’ gas turbine for 
automobiles, German schemes, Chrysler unit, the 
Boeing gas turbine unit and the cars or trucks in 
which they were utilized, in the chapter “Gas Tur- 
bines for Road Vehicles.” 


The final chapter on ships, stationary units and 
locomotive applications for gas turbine units, is most 
extensive and complete. ‘The fact that the first gas 
turbine was available in a hardware stage only ap- 
proximately 20 years ago makes this review of its 
rate of progress and accomplishments on the state of 
the art most impressive and timely. 


This book has textbook coverage of the field. The 
profuse illustrations, schematics, curves and tables 
of information, enhance the attention to detail and 
the pains that the author has taken to attain his ob- 
jective,—a complete, microscopic excursion into the 
field. The technical narrative style and the descrip- 
tive approach make the book extremely readable, 
except for the treatment of the fuel systems. How- 
ever, it should be noted that the reader must have 
a reasonable command of general aeronautical and 
gas turbine engine terms to utilize this book to the 
fullest extent. 
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0. POMEROY 
ROBINSON, JK. 


O. Pomeroy Robinson, Jr., 

pioneer submarine builder and 
a senior vice president of Gen- 
eral Dynamics Corporation, died 
in New London, Conn., on Mon- 
day, Feb. 27, after a brief illness. 
Robinson was a director of Gen- 
eral Dynamics and of its Cana- 
dian subsidiary, Canadair Lim- 
ited in Montreal. He was 64. 

His death occurred less than 
24 hours after he had been stricken with a cerebral hemorrhage at his Water- 
ford, Conn., residence. 

Mr. Robinson was active for 40 years in submarine construction and for the 
past nine years also was active in the aircraft field. 

He joined the Electric Boat Company, predecessor to General Dynamics, as a 
chaser in 1915 following schooling at Amherst College and Cornell University. 
Within three years he was put in charge of diesel engine development. 

In his rise through the ranks of the organization he played a vital role in the 
development of two new methods of submarine propulsion, diesel power and 
atomic energy as applied to the submarine USS Nautilus and the Seawolf which 
General Dynamics’ Electric Boat Division built. 

During World War II under his direction the shipyard broke all production 
records in building 82 submarines. In recognition of this feat Mr. Robinson was 
awarded a Certificate of Merit by President Harry S. Truman. 

He was a native of Corning, N.Y. He is survived by his widow, the former 
Estella Ann Scroggie of New London; a son, Lt. (jg) O. Pomeroy Robinson, III, 
USN; a daughter, Mrs. Jack B. Joyce, and two sisters, Miss Maude Robinson of 
New York City and Mrs. J. W. Jones of Corning. 

Mr. Robinson was a director of the Hartford National Bank and Trust Co., the 
Seneca Grape Juice Corporation, Dundee, N.Y., the Connecticut Chamber of 
Commerce, and he was a member of the New England Regional Committee on 
Atomic Energy. 

Among the organizations of which he was a member were the Shipbuilders 
Council of America, the Newcomen Society in North America, the Society of 
Naval Architects and Marine Engineers, and the American Society of Naval 


Engineers. 
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HAROLD TRAVIS 
oMITH 


A friend has passed. The 

death at the Chelsea Naval Hos- 
pital, on 4 May 1956, of Rear 
Admiral Harold Travis Smith, 
U. S. Navy, Retired, deprived 
the Secretary-Treasurer of a 
very dear friend and the Society 
of a past Secretary-Treasurer 
(1929-30) and loyal member of 
41 years standing. 

Travis Smith spent 10 years 
in general line service after graduating from the Naval Academy in 1909. In 
1919 he was designated for “Engineering Duty Only” and spent 27 years, prior 
to his retirement on 1 November 1946, in demonstrating his proficiency as a 
naval engineer, his lovability as a human being, his kindness and consideration 
as a gentleman, and his firmness and fairness as a Naval officer. He had the 
inherent qualities which gained the respect and friendship of juniors, seniors 
and associates. 

As an “Engineering Duty Only” officer prior to World War II he served a tour 
of duty afloat as Chief Engineer of U.S.S. Omaha, and another on the staff of 
Commander Cruisers, U. S. Fleet. Ashore, he served three tours in the Bureau 
of Engineering, the last as head of the Design Division (1935-1939), one tour at 
Portsmouth Navy Yard, and one as head of the Central Drafting Office (Machin- 
ery) at New York Navy Yard. 

He was twice decorated with the Legion of Merit in recognition of World War 
II service, first as Supervisor of Shipbuilding at Quincy, Massachusetts, for his 
contribution to the largest shipbuilding program of all time, and then as Fleet 
Maintenance Officer on the staff of the Commander-in-Chief Pacific Fleet, where 
his group kept the expanding fleet in operation. 

From his retirement until his death Admiral Smith lived in Hingham, Massa- 
chusetts, where the days were never long enough for him to accomplish those 
things which he wanted to do. 

The world has lost a man. 
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ADDITIONS TO MEMBERSHIP 


The Society is proud to announce that the following 
have joined the Society since the publication of the Feb- 
ruary, 1956, JOURNAL. 


NAVAL 


Adams, Robert M., Jr., Commander, USNR 
Assistant to President, Norden Ketay Corp. 
White Plains, N.Y. 
Ankers, George M., Commander, USN 
96 Gillis Road, Craddock, Portsmouth, Va. 
Beggs, James Montgomery, Lieut., USNR 
Sales Manager, Ordnance Dept., Westinghouse Elec- 
tric Corp. 
469 Sharpes Villa Ave., Sharon, Pa. 
Bloch, Sylvan Charles, Lieut., USN 
1335 Baum St., Vicksburg, Miss. 
Ciaramaglia, Mario Paul, Lieut. jg, USN 
USS Columbus (CA 74) 
c/o Fleet P.O., San Francisco, Calif. 
Claytor, Richard Anderson, Lieut., USN 
27 Lindbergh Ave., Glen Cove, L.I., N.Y. 
Curtze, Charles August, Captain, USN 
402 Lyric Lane, Lake Barcroft, Falls Church, Va. 
Daly, Emery Cambridge, Lieut. j.g., USNR 
3d Asst. Engr. United Fruit Co. 
Mail: Pelham Road, Hudson, N.H. 
Dzikowski, Richard Joseph, Lieut. Commander, USNR 
5902 Conway Road, Bethesda 14, Md. 
Emigh, Ward Raymond, Lieut. Commander, USCG 
2814 Peregoy Drive, Kensington, Md. 
Featherstone, Charles M., Jr.. Commander, USNR 
Dist. Manager, Washington Office, Baldwin-Lima- 
Hamilton Corp. 
1336 Wyatt Bldg., 777 14th St., N.W., 
Washington, D.C. 
Gardner, Richmond, Lieut. j.g., USN 
97-8 Lyman St., Waltham, Mass. 
Grantham, Emery Arden, Captain, USN 
RFD 1, Box 21, Vienna, Va. 
Gressard, Charles F., Commander, USNR 
Morse Instrument Co., Hudson, Ohio 
Gurnee, Robert Lakin, Captain, USNR, Ret. 


Washington Rep. Food Machinery & Chemical Corp. 


Room 539, Wyatt Bldg., 777 14th St., N.W., 
Washington, D.C. 
Huff, Jack Murray, Lieut. j.g., USNR 
USS Rexburg (PCER-855) 
c/o Fleet P.O., San Francisco, Calif 
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Johns, John Graham, R. Admiral, USN, Ret. 

Manager, Washington Engineering Office, Enterprise 
Engine & Machinery Co. 
1101 Connecticut Ave., N.W., Washington, D.C. 

Kalina, John Frank, Lieut. Commander, USN 
5010 N. 4th St., Arlington, Va. 

Krauthamer, Richard Jay, Lieut., USN 
USS Columbus (CA 74) 

c/o Fleet P.O., San Francisco, Calif. 

Lill, Harlborough Irwin, Jr., Lieut. Commander, USN 

Supervisor of Shipbuilding USN and Naval Inspec- 
tor of Ordnance 
Camden, N.J. 

McFarlane, Robert Norton, Captain, USN, Ret. 
Consultant, Alliance Machine Co., Alliance, Ohio 
Mail: Suite 7, Duryea Bldg., 1101 Connecticut Ave., 
Washington, D.C. 

Mandelkorn, Richard Shai, Captain, USN 
Comptroller, Bureau of Ships, Navy Dept., 
Washington, D.C. 

Millard, Junius William, Lieut. j.g., USNR 
849 Stanford Ave., Palo Alto, Calif. 

Owen, Edward Morgan, Captain, USNR 
Rheem Mfg. Co., 839 17th St., N.W., 

Washington, D.C. 

Schofield, William C., Commander, USNR 
Ward Leonard Electric Co. 

115 MacQueston Parkway,, S. Mount Vernon, N.Y. 

Seward, John Allan, Jr., Lieut. j.g., USN 
128 Archwood Ave., Annapolis, Md. 

Shetenhelm, Philip E., Captain, USN 
1013 N. Jefferson St., Arlington 5, Va. 

Smith, Russell S., R. Admiral, USN, Ret. 

Associate Director, Burroughs Research Center 
Paoli, Pa. 

Smith, Stirling P., R. Admiral, USN, Ret. 

Manager, Washington Office, Emhart Mfg. Co. Hart- 
ford, Conn. 
Mail: 3225 Kingle Road, N.W., Washington, D.C. 

Sommer, Philip L., Commander, USNR 
Engineer, Harvey Aluminum Co., 1001 Connecticut 

Ave., N.W., Washington 6, D.C. 

Mail: 2429 N. Lincoln St., Arlington, Va. 
Sylvester, Harold M., Commander (CEC), USN, Ret. 
Defense and Industrial Rep., Otis Elevator Co. 

1012 20th St., N.W., Washington 6, D.C. 

Talerico, Anthony, Commander, USN 

Administrative Engineer, Studebaker-Packard 
Corp. 
Mail: - 882 Lake Pointe, Gross Pointe Park, Mich. 
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Tilburne, Edward Roanoke, Captain, USN 

Bureau of Ships, Navy Dept., Washington, D.C. 
Travis, Irven, Commander, USNR 

Vice President, Burroughs Corp. 

Burroughs Research Center, Paoli, Pa. 
Walters, Robert Allen, Lieut., USNR 

Design Engineer, The National Supply Co. 

P.O. Box 761, Gainesville, Texas 
Weil, Robert Francis, Lieut., USNR 

Contract Rep. RCA 

Mail: 920 Clinton St., Philadelphia 7, Pa. 
Wilfert, Eugene N., Lieut., USN 

USS Vesole (DDR 878) 

c/o Fleet P.O., New York, N.Y. 
Wilkins, James Rudyard, Jr., Lieut., USN 

34 Poplar Place, Glen Cove, N.Y. 
Williams, Leonard John, Lieut., USNR 

Farnsworth Electronics Div. 

1909 Massachusetts Ave., N.W., Washington, D.C. 
Young, David Bryan, Captain, USN, Ret. 

Consultant, Special Defense Project Dept., General 

Electric Co. 
Mail: 18 Washington Ave., Schenectady, N.Y. 


CIVIL 
Blake, William Lyle 
Research & Development Supervisor, Lidgerwood- 
Mundy Corp. 
Mail: 465 Maywood Ave., Maywood, N.J. 
Breickner, Joseph I. 
Head, Systems Design Section, Bureau of Ships, 
Navy Dept., Washington, D.C. 
Mail: 44 N. Bedford St., Arlington, Va. 
Brooks, James G. 
Vice President, Cleaver-Brooks Co. 
220 E. 42nd St., New York 17, N.Y. 
Brown, Charles D. 
Manager of Sales, General Electric Co. 
French Road, Utica, N.Y. 
Caplan, Louis R. 
Vice President, Parr Engineering Co. 
Mail: 7942 Wisconsin Ave., Washington 14, D.C. 
Carlson, David Jeningston 
Dist. Manager of Construction Equipment Div., 
Baldwin-Lima-Hamilton Corp. 
Suite 1336, Wyatt Bldg., 777 14th St. 
Washington, D.C. 
Champlain, Harold Perry 
Superintending Engineer, United Fruit Co. 
Pier 9, North River, New York 6, N.Y. 
Chilton, Allan 
Chief Engr., Westinghouse AGT 
Mail: 6408 High Drive, Kansas City, Mo. 
Chubb, Lister C. 
Sales Engr., Vickers, Inc. 
Wyatt Bldg., 14th & New York Ave., N.W., 
Washington, D.C. 
Clark, Robert L. 
Supervisor of Development Engineering, Ward Leo- 
nard Electric Co., Mt. Vernon, N.Y. 
Mail: 185 Bryant Ave., White Plains, N.Y. 
Cook, Barton Ballou, Jr. 
Marine Engineer, DeLaval Steam Turbine Co. 
Trenton, N.J. 
Cooper, Roscoe J. 
Contracts Manager, Controls Engineering Unit, De- 
troit Controls Corp. 
560 Providence Highway, Norwood, Mass. 


Cushing, William Tyler, Jr. 
Manager, Industrial Sales, The National Supply Co. 
2 Gateway Center, Pittsburgh 30, Pa. 
DeKoff, Daniel J. 
Chief Naval Architect, Newton Whittelsey, Inc. 
17 Battery Place, New York, N.Y. 
Mail: 55 Grace St., Bloomfield, N.J. 
DuMont, R. Peaslee 
Asst. Chief, Div. of Engineering, Office of Ship Con- 
struction & Repair, Maritime Administration 
Mail: 4408 39th St., N.W., Washington 16, D.C. 
Dunnum, Orney Emil 
Sales Manager, Philadelphia District, The Ideal 
Electric and Mfg. Co. 
1042 Western Sav. Fed. Bldg., Philadelphia 7, Pa. 
Eberly, James Rowland 
Detroit Controls Corp., Control Engineering Unit, 
Room 12077 Commerce Bldg. 
1700 K St., N.W., Washington 6, D.C. 
Ellsworth, Jack C. 
Marine Engineer, Cleaver-Brooks Co., Special Prod- 
ucts Div. 
Waukesha, Wis. 
Elmsburg, John C. 
Asst. Gen, Sales Manager, Fairbanks, Morse & Co., 
600 S. Michigan Ave., Chicago 5, Ill. 
Fairman, Richard Barlow 
Product Manager, Stationary & Marine Engines, 
Alco Products, Inc. 
Schenectady 5, N.Y. 
Farrell, John J. 
General Manager, Heavy Military Electronics 
Equipment Dept., General Electric Co. 
Court St., Syracuse, N.Y. 
Fugate, Robert S. 
Sales Engineer, The Youngstown Welding and En- 
gineering Co. 
Mail: 470 Wyckoff Ave., Ramsey, N.J. 
Fyfe, Robert E. 
Code 452, Bureau of Ships, Navy Dept. 
Washington, D.C. 
Geiger, J. M. 
Asst. Manager, Surface Systems Dept., Sperry Gy- 
roscope Co. 
Mail: 342 Woodland Drive, Bridgewaters, L.I., N.Y. 
Gold, Pleasant Daniel, III 
Sales Engineer, Worthington Corp. 
1140 Woodward Bldg., Washington, D.C. 
Greis, Howard A. 
Director, Instrument Engineering, Detroit Controls 
Corp., Control Engineering Unit 
560 Providence Highway, Norwood, Mass. 
Grooms, Paul Franklin 
Sales Engineer, Norden Ketay Corp. 
425 13th St., N.W., Washington, D.C. 


Hellriegel, Charles Know, Jr. 
Plant Manager, Govt. Products Div., Rheem Mfg. 


Co. 
P.O. Box 3310, Philadelphia, Pa. 
Henry, William P., Jr. 
Engineering & Service Rep., Solar Aircraft Co. 
812 Cafritz Bldg., Washington, D.C. 
Hodovance, John Carl 
Supervisor Mfg. Engineering, Daystrom Instru- 
ments, Archibald, Pa. 
Mail: 415 Keystone Ave., Peckville, Pa. 
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Hull, Harvard Leslie 
President, Farnsworth Electronics Co. 
Fort Wayne, Ind. 
Huntley, W. E. 
Washington Rep., Bogue Electric Co. 
2340 Pennsylvania Ave., N.W., Washington 7, D.C. 
King, Kenneth L. 
Director of Engineering, The Norden Laboratories 
Div., Norden Ketay Corp. 
Mail: 121 Westmoreland Ave., White Plains, N.Y. 
Klinedinst, Milford S. 
Director of Engineering, Farnsworth Electronics Co. 
3700 E. Pontiac St., Fort Wayne, Ind. 
Kluger, William Warren 
Sales Engineer, Burroughs Corp. 
1739 H St., Washington, D.C. 
Lawson, Harry Mitchell 
Manager Aviation and Defense Industries Sales 
(New England), General Electric Co. 
Mail: General Electric Co., 140 Federal St., Boston, 
Mass. 
Lindley, John Coyne 
Sales Manager, Defense Contracts, Burroughs Corp. 
6071 Second Ave., Detroit, Mich. 
Liskey, Ernest C., Jr. 
President, Washington Aluminum Co., Inc. 
Knecht Ave. & Penna R.R., Baltimore 29, Md. 
MacDonald, Howard Arthur 
Chief Mechanical Engineer 
Mail: 18 MacArthur Road, Wellesley, Mass. 
Myerson, Edward J. 
Washington Rep., The W. L. Maxson Corp., 202 
World Center Bldg. 
918 16th St., Washington 6, D.C. 
Nordberg, Bruno V. 
Marine Sales Engineer, Nordberg Mfg. Co. 
3073 South Chase Ave., Milwaukee, Wis. 
Ott, Samuel A. 
Works Manager, Claymore Plant, Colorado Fuel and 
Mfg. Corp. 
Mail: RD #1, Phoenixville, Pa. 
Parry, Joseph S. 
Asst. Manager, Apparatus Div., Westinghouse Elec- 
tric Corp. 
12-L-13, East Pittsburgh, Pa. 
Pesce, Joseph Salvatore 
Washington Rep. Govt. Sec., Administrative Govt. 
Service Dept., RCA Service Co., Inc. 
1625 K St., Washington, D.C. 
Peterson, Louis Bertil 
Asst. Naval Architect, Newport News Shipbuilding 
& Dry Dock Co. 
Newport News, Va. 
Petrasek, Aurel G. 
Administrator, Research & Development, Tube Div., 
RCA 
Mail: 436 Mountain Ave., Westfield, N.J. 
Pitt. Paul Arthur 
Chief Engineer, Solar Aircraft Co. 
2200 Pacific Highway, San Diego, Calif. 
Preston, Frank Steele 
Asst. Director of Engineering, The Norden Labora- 
tories, Norden Ketay Corp. 
White Plains, N.Y. 
RePass, Frank M., Jr. 
Chief Engineer, Consolidated Safety Valves, Man- 
ning, Maxwell & Moore, Stratford, Conn. 
Mail: 585 Tanager Place, Stratford, Conn. 
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Rice, H. Edward 
Manager, Mfg., General Electric Co. 
French Road, Utica, N.Y. 


Roark, Grady L. 
Manager, Tube Sales, General Electric Co. 
Bldg. 267, Schenectady 5, N.Y. 
Roberts, Edward Coleridge 
Application Engineer, Alco Products, Inc. 
Box 292 B, RD 1, W. Albany, N.Y. 
Rottiers, Harry B. 
Director Defense Contracts, Burroughs Corp. 
6071 Second Ave., Detroit 32, Mich. 
Schenk, Peter Joseph 
Manager Marketing, General Electric Co. 
French Road, Utica, N.Y. 
Smith, H. C. 
a President, Operations, Colorado Fuel & Iron 
orp. 
Mail: 6 Greentree Drive, West Chester, Pa. 
Squire, Alexander 
Project Manager, Westinghouse Atomic Power Div. 
Bettis Field, P.O. Box 1468, Pittsburgh 30, Pa. 
Sugden, Clifford N. 
Director of Engineering, Manning, Maxwell & 
Moore, Inc., 250 Main St., Stratford, Conn. 
Mail: 35 Candlewood Road, Trumbull, Conn. 
Swift, Dean B. 
Marine Manager, Western Gear Corp. 
1101 Vermont Ave., Washington, D.C. 
Tauson, Peter 
Research Engineer, The National Supply Co. 
P. O. Box 416, Pittsburgh 30, Pa. 
Tinker, Charles L. 
Manager Custom Fans, Joy Mfg. Co. 
338 South Broadway, New Philadelphia, Ohio 
Tummel, Harold E. 
Marine Sales Engineer, Combustion Engineering Co. 
30-78 37th St., Astoria, N.Y. 
Ward, Phillip Lash 
Manager Turbine Sales, Solar Aircraft Co. 
2200 Pacific Highway, San Diego, Calif. 
Wells, Robert Lynn 
Executive Asst. to Div. Mgr., Aviation Gas Turbine 
Div., Westinghouse Electric Corp. 
P. O. Box 288, Kansas City, Mo. 
Williams, Marshall Alexander 
General Sales Manager, Govt. & Industrial Div., 
Philco Corp. 
4700 Wissahickon Ave., Philadelphia 44, Pa. 
Willis, Merville Eugene 
Naval Architect, New York Shipbuilding Corp. 
Mail: 1805 Afton St., Philadelphia 11, Pa. 
Wilson, Webster H. 
Vice President, Hazeltine Electronics Corp. 
59-25 Little Neck Parkway, Little Neck 62, N.Y. 
Wilson, William T. 
Asst. Regional Manager, Western Gear Co. 
1101 Vermont Ave., Washington, D.C. 
Zollar, Herbert H. 
General Manager, Shenango Penn Mold Co., Cen- 
trifugal Casings Div., Dover, Ohio 
Mail: 515 Walnut St., Dover, Ohio 
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Aimer, James King 

Manager, Washington, D.C., Office, Walworth Co., 
725 Cafritz Building 
1625 Eye St., N.W., Washington 6, D.C. 

Cook, Douglas Clement 
Field Engineer, Solar Aircraft Co. 

1625 Eye St., N.W., Washington, D.C. 

Crawford, James H. 

Sales Engineer, American Bearing Corp. 
429 South Harding St., Indianapolis, Ind. 

Cushing, Thomas William 
Engineer, Sales, Engelhard Industries 
Mail: 9417 Byeforde Road, Kensington, Md. 

Deahl, R. D. 

Marine Manager, Walworth Co. 
60 E. 42nd St., New York, N.Y. 

Dussinger, Kenneth F. 

Sales Engineer, Air Arm Div., Westinghouse Elec- 
tric Corp. 
Mail: 735 Monticello Blvd., Springfield, Va. 

Engelmann, George Ernest 
Assistant to President, Mack Truck, Inc. 

1026 17th St., N.W., Washington, D.C. 

Foskett, Charles J. 

Manager Defense Marketing, RCA 
Bldg. 17C-1, Camden, N.J. 
Foss. Woodrow W. 
Service Manager, Gasoline & Diesel 
76 Spring St., Melrose Highlands, Mass. 

Glassey, Norwood I. 

Capt. Chem. Corps, RES, USA, Asst. Manager, 
Washington Office, Fram Corp. 
407 Mills Bldg., Washington, D.C. 

Gleason, Isaac Willard 
Federal Telecommunication Laboratories 
500 Washington Ave., Nutley, N.J. 

Harris, Dale S. 

Sales Engineer, Heavy Military Electronics Equip- 
ment Dept., General Electric Co. 
Court St., Syracuse, N.Y. 

Harwell, William Franklin, Major, USA, Ord. Corps. 
Application Engineer, Westinghouse Electric Corp. 
1625 K St.. Washington, D.C. 

Hescock, Lee F. 

Govt. Sales Rep., Western Electric Co., Radio Div. 
120 Broadway, New York, N.Y. 
Holzworth, Richard Carl 
Sales Rep., U.S. Steel Corp. 
1625 K St., N.W., Washington, D.C. 
Jahnel, Roy M. 
John C. Ten Eck Associates 
Mail: 4640 Nichols Ave., S.W., Washington 24, D.C. 

Koelewijn, Gerhardus Josephus, Ir. Member Council. 
Dutch Patent Office (Octrooiraad) 

Willem Witieuplein, The Hague, Netherlands 

Krenzer, Cyril T. 

President, Walz & Krenzer, Inc. 
22 Flint St., Rochester 8, N.Y. 

Lavin, James J. 

Sales Engr., Edwin Elliott Co., Inc., 500 N. 16th St., 
Philadelphia 30, Pa. 
Mail: 1126 E. Rittenhouse St., Philadelphia 38, Pa. 

McCoy, Richard K. 

District Manager, Alco Products, Inc. 
501 Barr Building, Washington 6, D.C. 


McFaull, Patrick C., Lt. Col., USAF, Ret. 
Director of Sales, Detroit Controls Corp., Control 
Engineering Unit 
560 Providence Highway, Norwood, Mass. 
Nannen, Willard Otto 
Field Engineer, Solar Aircraft Co., Room 812 Cafritz 
Bldg. 
1625 Eye St., N.W., Washington, D.C. 
Pate. Louis Bertrand 
Vice President, Seas Shipping Co., Inc. 
39 Cortland St., New York 7, N.Y. 
Poorman, William W. 
Sales Engineer, Military Equipment, General Elec- 
tric Co., Systems Center, Bldg. 3 
Syracuse, NY. 
Reybold, Franklin Bell 
Asst. to Vice President, Marketing Alco Products, 
Ind. 
Barr Bldg., 910 17th St., N.W., Washington, D.C. 
Ruffini, Anthony Joseph 
Supervisory Mech. Engr., Code 542, Bureau of 
Ships, Navy Dept. 
Washington 25, D.C. 
Sanford, Robert Stillman 
Vice President, Washington Aluminum Co., Inc. 
Knecht Ave. & Penna. R.R., Baltimore 29, Md. 
Shaw, Edward James 
Sales Engineer, Westinghouse Electric Corp. 
Mail: 3508 So. Utah St., Arlington 6, Va. 
Smart, Samuel Nealson 
Application Engineer, Westinghouse Electric Corp, 
1625 K St., N.W., Washington 6, D.C. 
Tait, Robert C. 
President, Stromberg Carlson Co., Div. of General 
Dynamics Corp. 
Mail: Stromberg-Carlson Co., 100 Carlson Road, 
Rochester 3, N.Y. 
Thompson, Richard M. 
Executive Vice President, J. H. Mailander Co., Inc. 
108 Franklin St., Alexandria, Va. 
Mail: 1106 Haycock Road, Falls Church, Va. 
Whitehouse, Kenneth R. 
Sales Engr., Heavy Military Electronic Equipment 
Dept., General Electric Co., Systems Center 
3 Court St., Syracuse, N.Y. 
Wiggins, Charles Sylvester, Capt., USAR 
Washington Rep., Borg Warner Corp. 
918 16th St., N.W., Wasington, D.C. 


JUNIOR 


Basque, J. D., Cadet, USCG, Class 1956 
Mail: 605 Trumbull Ave., Bridgeport, Conn. 
Biller, Robert A., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 
Bristol, R. L., Cadet, USCG, Class 1956 
28 Shelter Cove, Milford, Conn. 
Brown, Gilbert E., Jr., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 
Callahan, John L., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 
Canzoneri, Joseph, Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 
Cutts, Norman E., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 
Henneberry, Paul D., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 
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Hounslea, Arthur, Cadet, USCG, Class 1956 
2214 Newkirk Ave., Brooklyn 13, N.Y. 

Hunter, F. D., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 

McMahan, Robert G., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 


Martin, David D., Class 1956, Carnegie Inst. of Tech. 


14017 Elsetta Ave., Cleveland 11, Ohio 


Michel, Richard H., Class 1956, Drexel Inst. of Tech. 


105 Harvard Road, Havertown, Pa. 
Oberhaltzeer, G. R., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 
Pendergrass, D. C., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 

Rettie, G. L., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 

Roberts, Barry C., Cadet USCG, Class 1956 
USCG Academy, New London, Conn. 

Rybacki, Richard I., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 

Smith, Clifton B., Cadet, USCG, Class 1956 
208 Churchills Lane, Milton, Mass. 
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Stanley, J. G., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 

Taub, Donald M., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 

Viveiros, George F., Cadet, USCG, Class 1956 
USCG Academy, New London, Conn. 


REJOINED 
Aldrich, George P., Civil Member 
Coakley, J. P., Naval Member 
Cressy, M. S., Naval Member 
Davis, Wallace, Naval Member 
Donald, H. Gordon, Naval Member 
Eddington, John D., Associate Member 
Hart, W. T., Jr., Naval Member 
Jorgensen, P. E., Civil Member 
Lyman, A. F., Associate Member 
Sullivan, D. C., Naval Member 


RESIGNED 
Sweeney, John J., Civil Member 


ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon pub- 
lication. Authors are paid from $50.00 to $250.00 depending upon length, interest 
and professional value. Payment is made at time of acceptance. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no 
proof is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, 
so that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing 
is acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the au- 
thor(s). 50 to 100 words for each author is desired. 


Manuscripts should be addressed to: 


Secretary-Treasurer : 

American Society of Naval Engineers, Inc. 
1012 14th St., N. W. 
Washington 4, D.C. 


Each author who is subject to the Security Regulations of the Department of 
Defense, is personally responsible for the clearance of an original article before 
submitting it to the Society for consideration. In forwarding manuscripts, a state- 
ment in this regard should be included. 


Manuscripts accepted will not be returned unless specifically requested by 
the author. If returned, they will be in the condition which has resulted from 
the work of the printer and the engraver. Immediately following publication, 
the author is furnished 20 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days 
prior to the publication date which is the 25th of the issue month. Estimate of 
cost of additional reprints, which will vary with the nature of the article and 
the number of copies ordered, will be furnished on request as soon as possible 
after the article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JourNaL 
which has not yet been closed (60 days before publication) and for which suf- 
ficient material is not already on hand. 
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PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death 
of any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


Shown below is an illustration of the lapel button of the Society. It is believed 
that it will be conceded that this is a very fine dignified insignia. It is one-half 
inch in diameter. 


The oak leaves and lettering are red on a gold background. 
It is available to all members at fifty cents (50c) each. 


PERMISSION TO REPRINT 


All material published in the JourNaL, except the articles which are prefaced 
with an “Acknowledgement,” are copyrighted by the American Society of 
Naval Engineers. 

Permission is granted to reprint any copyrighted material contained herein 
if the following conditions are met: 

a) The article is reprinted in full. Extracts or summaries or condensations 
may be printed with the consent of the author. 

b) Credit is given to the JourRNAL with reference to the issue. 

c) Credit is given to the author. 

d) If the author is a military officer or a civilian employe of the Department 
of Defense, the following note shall be carried: 

“The views expressed herein are the personal opinions of the author and are 
not necessarily the official views of the Department of Defense or of a Military 
Department.” 


A.S.N.E. Journal, May 1956 
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APPLICATION FOR MEMBERSHIP 


IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
(See reverse side for required qualifications for various classes of membership) 


Date 


I, hereby apply for membership 
in the American Society of Naval Engineers, Inc., and enclose $7.50 as my annual 


membership dues for the year ____, $6.00 of which is for a subscription to 
the JoURNAL OF THE AMERICAN Society oF Navat ENGINEERS, INC., for one year. 
I submit the following information: 

For Naval Membership 


Name 


(First) (Middle) (Last) 
Rank _File No 


Business connection and position, if any 


For Civil Membership 
Name 


(First) (Middle) (Last) 


Years in engineering work 


Years in responsible charge of important work 


Present business connection and position 


Recommended by (two members) 


For Associate Membership 


Name 


(First) (Middle) (Last) 
Rank, if Commissioned Officer of U.S. Army 


or of foreign military or Naval service 


Business connection and position 


Recommended by (one member) 


Signature of Applicant 
Address for JouRNAL and Mail 


MAIL TO SECRETARY-TREASURER 
THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
Suite 1004, Continental Building 
1012 14th St., N.W. 

Washington 5, D.C. 


i 
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QUALIFICATION FOR MEMBERSHIP 


Commissioned and ex-commissioned officers of the regular Navy, Marine Corps 
and Coast Guard of the United States; warrant and ex-warrant officers of the regular 
Navy, Coast Guard and Marine Corps of the United States; reserve commissioned and 
warrant officers of the Navy, Coast Guard and Marine Corps of the United States shall 
be eligible as Naval Members. Persons eligible as naval members shall be admitted 
upon application and payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they can co- 
operate with Naval engineers in the promotion of professional knowledge may be 
eligible as civil members. They shall have been in the active practice of an engineering 
profession for at least eight years and in responsible charge of important work for five 
years, and shall be qualified to design as well as to direct engineering work. Fulfilling 
the duties of a professor of engineering who is in charge of a department in a college or 
school of accepted standing shall be taken as an equivalent to an equal number of years 
of active practice. Graduation from a school of engineering of recognized standing shall 
be considered as equivalent to two years of active practice. Persons eligible as civil 
members may be admitted upon application and payment of annual dues, provided 
that the application is accompanied by the recommendation of two members and pro- 
vided that the application shall receive the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who are espe- 
cially interested in naval matters or the merchant marine may be eligible as associate 
members. Commissioned officers of the United States Army and of foreign military 
and naval services may be eligible as associate members. Persons eligible to associate 
membership may be admitted upon application and payment of annual dues, provided 
the application have the recommendation of a member and provided the application 
shall receive the approval of a majority of the Council, except that in the case of com- 
missioned officers of the United States Army and of foreign naval and military services, 
the recommendation of a member will not be required. 


Associate members shall be entitled to all the privileges of other members except 
voting and holding office. 


The annual dues shall be $7.50, payable on 1 January in advance, of which $6.00 
shall be for subscription to the Journa of the American Society of Naval Engineers, 
Inc., for one year. 
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Secretaries of the 
AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


Captain J. E. Hamilton, U. S. Navy, Retired 


Past Secretaries 1889  P. A. Engineer R. S. Grirrin, U.S. Navy 


1890 Assistant Engineer W. M. McFartanp, U.S. Navy 
1891 Assistant Engineer Emi Tuetss, U.S. Navy 
1892-93 P. A. Engineer W. M. McFartanp, U.S. Navy 
1894-95 P. A. Engineer R. S. Grirrin, U.S. Navy 
1896-97 P. A. Engineer F. C. Brec, U. S. Navy 
1898 P.A. Engineer W. M. McFartannp, Navy 
1899 Chief Engineer A. B. WiturTs, U.S. Navy 
1900 Lt. Comdr. A. B. Wiu1Ts, U.S. Navy 
1901 Lieutenant B. C. Bryan, U.S. Navy 
1902 Lieutenant C. W. Dyson, U.S. Navy 
1903 Lt. Comdr. Jonn R. Epwarps, U.S. Navy 
1904 Lieutenant M. E. Reep, U.S. Navy 
1905 Lieutenant W. W. Wuite, U.S. Navy 
1906 Lieutenant C. K. Matrory, U.S. Navy 
1907-08 Lt. Comdr. T. C. Fenron, U.S. Navy 
1909-10 Lieutenant H. C. Dincer, U.S. Navy 
1911 Commander U. T. Hotmgs, U.S. Navy 
1912 Lieutenant Jonn Hatuican, U.S. Navy 
Lt. Comdr. E. L. Bennett, U.S. Navy 
1913 Lieutenant O. L. Cox, U.S. Navy 
1914 Lt. Comdr. H. C. Dicer, U.S. Navy 
1915-16 Lieutenant A. T. Cuurcn, U.S. Navy 
1917 Lt. Comdr. J.O. Ricnarpson, U.S. Navy 
Lt. Comdr. F. W. Stertine, U.S. Navy, Retired 
1918 Lt. Comdr. F. W. Srerine, U.S. Navy, Retired 
1919 rom Comdr. F. W. Stertine, U.S. Navy, Retired 
Commander J. S. Evans, U.S. Navy 
1920 Commander J. S. Evans, U.S. Navy 
1921 Commander J. S. Evans, U.S. Navy 
Commander S. M. Rostnson, U.S. Navy 
1922-23 Commander S. M. Rosrnson, U.S. Navy 
1924-25 Commander Bryson Bruce, U.S. Navy 
1926 Commander A. M. Cuartton, U.S. Navy 
1927 Commander H. B. Hirp, U.S. Navy 
1928 H. B. Hirp, U.S. Navy 
Captain O. L. Cox, U.S. Navy 
1929-30 Commander H. T. Situ, U. S. Navy 
1931 Captain O. L. Cox, U.S. Navy 
1932 Commander H. F. D. Davis, U.S. Navy 
1933-34 Commander H. B. Hipp, U.S. Navy 
1935 Commander C. S. G1tuetTE, U.S. Navy 
1936 C.S. Gituette, U.S. Navy 
Commander Rocer W. Parneg, U.S. Navy 
1937 | Commander Rocer W. Pane, U.S. Navy 
1938 Rocer W. Parng, U.S. Navy 
Lt. Comdr. Guy Cuapwick, U.S. Navy 
1939-40 Lt. Comdr. Guy Cuapwick, U.S. Navy 
1940-44 Captain J. E. Hamitton, U.S. Navy 
1945 Commander R. T. SuTHERLAND, Jr., U. S. Navy 
a 1945-48 Captain F. W. Watton, U.S. Navy 
1948-51 Captain J. E. Hamrtton, U.S. Navy 
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